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This manual applies to the following Engineering Revision Code numbers 
and mainframe Serial Number Prefix: 
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Mainframe and Options 


HP 3421A Mainframe 


HP 44462A (Option 020, 021, or 022) N/A 
HP 44465A (Option 050) N/A 
HP 4446174 (Option 201) NA 
Option 214 N/A 


The information in this manual is to be used by qualified service trained 
individuals only. To avoid personal injury, do not perform any procedures 
in this manual, or perform any servicing of the instrument or its options, 
unless you are trained in electronic circuitry and understand the hazards 
involved. 


The HP 3421A uses latching relays on the Multiplexer/Actuator Option 
(020, 021, or 022) and on the mainframe. The state of these relays can 
only be altered under program control. This is an advantage in the sense 
that, under most conditions of failure, the relays will remain in whatever 
state your program has set them. However, in case of power or equip- 
ment failure, any application requiring a failsafe method of insuring that 
circuits under control are in a known state must be provided by the 
installer, 


If a Multiplexer/ Actuator Assembly is installed in the HP 3421A, depen- 
dent on the configuration, any voltage connected to the assembly may 
also appear on the Model 3421A’s front panel terminals. Make sure you 
do not touch the terminals if any high voltage is connected to the assembly, 
or personal injury can result. 


Manual Part No. 03421-90012 
Microfiche Part No. 03421-90062 


©Copyright Hewlett-Packard Company 1985 
P.O. Box 301, Loveland, Colorado 80537 U.S.A 
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HP 3421A Manual Reference 
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The following block diagram shows the HP 3421A manual documentation scheme. Dashed line borders 
indicate those manuals shipped with the order of specific options; solid borders indicate those manuals 
that are shipped with every instrument. 
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HP 3421A Operating, Programming, 
and Configuration Manual 


HP 3421A Service Manual 


HP 3421A Operating, Programming, and Configuration Manual (HP Part Number 03421-90010) Is 
for all users. All features and options of the Model 3421A are discussed in this manual. 
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HP 3421A Quick Reference Card (HP Part Number 03421-90002) is for all users. This card is a quick 
reference to all of the Model 3421A commands. 


HP 3421A Service Manual (HP Part Number 03421-90012) is for the service trained person. This 
manual has the mainframe and option theory of operation, applicable performance tests and calibra- 
tion procedures, option installation procedures, and troubleshooting procedures. The manual includes 
the service information for the following: 





HP 3421A Mainframe 

HP 44462A Multiplexer/Actuator Assembly (Options 020, 021, and 022). 
HP 44465A Digital 1/O Assembly (Option 050), 

HP 44461A HP-IB Assembly (Option 201). 

12 Vdc Power Adapter Option (Option 214). 
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Herstellerbescheinigung 


Hiermit wird bescheinigt, da das Gerat/System HP 34214 a Se et 
in Ubereinstimmung mit den Bestimmungen von Postverfiigung 1046/84 funkentstdrt ist. 


Der Deutschen Bundespost wurde das Inverkehrbringen dieses Gerdtes/Systems angezeigt und 
die Berechtigung zur Uberprufung der Serie auf Einhaltung der Bestimmungen eingeraumt. 


Zusatzinformation fur Me@- und Testgerate 


Werden Meg- und Testgerate mit ungeschirmten Kabein und/oder in offenen Me@aufbauten 
verwendet, so ist vom Betreiber sicherzustellen, da@ die Funk-Entstoérbestimmungen unter 
Betriebsbedingungen an seiner Grundstiicksgrenze eingehalten werden. 


Manufacturer's declaration 


This is to certify that the equipment _ HIP S421A eee 

is in accordance with the Radio Interference Requirements of Directive FTZ 1046/84. The Ger- 
man Bundespost was notified that this equipment was put into circulation, the right to check 
the series for compliance with the requirements was granted. 





Additional Information for Test- and Measurement Equipment 


if Test- and Measurement Equipment is operated with unscreened cables and/or used for 
measurements on open set-ups, the user has to assure that under operating conditions the Radio 
interference Limits are still met at the border of his premises. 
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CERTIFICATION 


Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment from 
| the factory. Hewlett-Packard further certifies that its calibration measurements are traceable to the United States Na- 

tional Bureau of Standards, to the extent allowed by the Bureau’s calibration facility, and to the calibration facilities 
| of other International Standards Organization members. 


WARRANTY 


This Hewlett-Packard instrument product is warranted against defects in materials and workmanship for a period 
of one year from date of shipment [,except that in the case of certain components listed in Section I of this manual, 

| the warranty shall be for the specified period]. During the warranty period, Hewlett-Packard Company will, at its 
option, either repair or replace products which prove to be defective. 


For warranty service or repair, this product must be returned to a service facility designated by -hp-. Buyer shall prepay 
shipping charges to -hp- and -hp- shall pay shipping charges to return the product to Buyer. However, Buyer shall 
pay all shipping charges, duties, and taxes for products returned to -hp- from another country. 


Duration and conditions of warranty for this instrument may be superceded when the instrument is integrated into 
(becomes a part of) other -hp- instrument products. 


Hewlett-Packard warrants that its software and firmware designated by -hp- for use with an instrument will execute 
its programming instructions when properly installed on that instrument. Hewlett-Packard does not warrant that the 
operation of the instrument, or software, or firmware will be uninterrupted or error free. 


LIMITATION OF WARRANTY 





| The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer, Buyer- 
supplied software or interfacing, unauthorized modification or misuse, operation outside of the environmental specifica- 
tions for the product, or improper site preparation or maintenance. 


NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY DISCLAIMS 
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. 


EXCLUSIVE REMEDIES 
THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HEWLETT- 
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE- 
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY. 
ASSISTANCE 
Product maintenance agreements and other customer assistance agreements are available for Hewlett-Packard products. | 


For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. Addresses are provided at the back 
of this manual. 





A 3/11/83 


fais —_—— 


SAFETY SUMMARY 


The following general safety precautions must be observed during all phases of operation, service, and repair of this instrument. 
Failure to comply with these precautions or with specific warnings elsewhere in this manual violates safety standards of design, 
manufacture, and intended use of the instrument. Hewlett-Packard Company assumes no liability for the customer's failure 
to comply with these requirements. This is a Safety Class 1 instrument. 


GROUND THE INSTRUMENT 


To minimize shock hazard, the instrument chassis and cabinet must be connected to an electrical ground. 
The instrument is equipped with a three-conductor ac power cable. The power cable must either be plugg- 
ed into an approved three-contact electrical outlet or used with a three-contact to two-contact adapter 
with the grounding wire (green) firmly connected to an electrical ground (safety ground) at the power outlet. 
The power jack and mating plug of the power cable meet International Electrotechnical Commission (IEC) 
safety standards. 


DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE 

Do not operate the instrument in the presence of flammable gases or fumes. Operation of any electrical 
instrument in such an environment constitutes a definite safety hazard. 

KEEP AWAY FROM LIVE CIRCUITS 


Operating personnel must not remove instrument covers. Component replacement and internal adjustments 
must be made by qualified maintenance personnel. Do not replace components with power cable con- 
nected. Under certain conditions, dangerous voltages may exist even with the power cable removed. To 
avoid injuries, always disconnect power and discharge circuits before touching them. 


DO NOT SERVICE OR ADJUST ALONE 

Do not attempt internal service or adjustment unless another person, capable of rendering first aid and 
resuscitation, Is present. 

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT 


Because of the danger of introducing additional hazards, do not install substitute parts or perform any 
unauthorized modification to the instrument. Return the instrument to a Hewlett-Packard Sales and Ser- 
vice Office for service and repair to ensure that safety features are maintained. 


DO NOT OPERATE A DAMAGED INSTRUMENT 


Whenever it is possible that the safety protection features built into this instrument have been impaired, 
either through physical damage, excessive moisture, or any other reason, REMOVE POWER and do not 
use the instrument until safe operation can be verified by service-trained personnel. If necessary, return 
the instrument to a Hewlett-Packard Sales and Service Office for service and repair to ensure that safety 
features are maintained. 


DANGEROUS PROCEDURE WARNINGS 


Warnings, such as the example below, precede potentially dangerous procedures throughout this manual. 
Instructions contained in the warnings must be followed. 


Dangerous voltages, capabie of causing death, are present in this instrument. Use extreme cau- 
tion when handling, testing, and adjusting. 
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SAFETY SYMBOLS 


General Definitions of Safety Symbols Used On Equipment or In Manuals. 
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NOTE: 


Instruction manual symbol: the product will be marked with this 
symbol when it is necessary for the user to refer to the instruction 
manual in order to protect against damage to the instrument. 


Indicates dangerous voltage (terminals fed from the interior by 
voltage exceeding 1000 volts must be so marked). 


Protective conductor terminal. For protection against electrical 
shock in case of a fault. Used with field wiring terminals to in- 
dicate the terminal which must be connected to ground before 
operating equipment. 


Low-noise or noiseless, clean ground (earth) terminal. Used for a 
signal common, as well as providing protection against electrical 
shock in case of a fault. A terminal marked with this symbol must 
be connected to ground in the manner described in the installation 
(operating) manual, and before operating the equipment. 


Frame or chassis terminal. A connection to the frame (chassis) of 
the equipment which normally includes all exposed metal struc- 
tures. 


Alternating current (power line). 
Direct current (power line). 


Alternating or direct current (power line). 


The WARNING sign denotes a hazard. It calls attention to a pro- 
cedure, practice, condition or the like, which, if not correctly per- 
formed or adhered to, could result in injury or death to personnel. 


The CAUTION sign denotes a hazard. It calls attention to an 
operating procedure, practice, condition or the like, which,if not 
correctly performed or adhered to, could result in damage to or 
destruction of part or all of the product. 


The NOTE sign denotes important information. It calls attention 
to procedure, practice, condition or the like, which is essential to 
highlight. 
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Serial Numbers 


This chapter applies directly to instruments with a serial number prefix 
of 2338. With changes in Section VII, this chapter also applies to in- 
struments with serial prefixes of 2247, 2236, and 2218. If your instrument 
has some other serial prefix, updating information may be on a yellow 
MANUAL CHANGES supplement (located at the front of the manual). 


Engineering Revision Codes (ERCs) 


Engineering Revision Codes (ERCs) were implemented on this instrument 
with the introduction of the 03421-66511 motherboard. The present ERC 
is 2604. See Section VII of this chapter if your instrument has an ERC 
lower than 2604. If the ERC of your assembly is above 2604, updating 
information may be on a yellow MANUAL CHANGES supplement 
(located at the front of the manual). 


The information in this manual is to be used by qualified service trained 
individuals only. To avoid personal injury, do not perform any procedures 
in this manual, or perform any servicing of the instrument or its options, 
unless you are trained in electronic circuitry and understand the hazards 
involved. 





The HP 3421A uses latching relays on the Multiplexer/ Actuator Option 
(020, 021, or 022) and on the mainframe. The state of these relays can 
only be altered under program control. This is an advantage in the sense 
that, under most conditions of failure, the relays will remain in whatever 
state your program has set them. However, in case of power or equip- 
ment failure, any application requiring a failsafe method of insuring that 
circuits under control are in a known state must be provided by the 
installer. 


If a Multiplexer/ Actuator Assembly is installed in the HP 3421A, depen- 
dent on the configuration, any voltage connected to the assembly may 
also appear on the Model 3421A’'s front panel terminals. Make sure you 
do not touch the terminals if any high voltage is connected to the assembly, 
or personal injury can result. 
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SECTION | 
GENERAL INFORMATION 


The information in this manual is to be used by qualified service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 


The HP 3421A uses latching relays on the Multiplexer/ Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This is an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them. However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known State must be provided by the installer. 


If a Multiplexer/ Actuator Assembly is installed in the HP 342/A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals. Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 


1-1-1. INTRODUCTION 


1-1-2. This chapter is intended for use by qualified service trained personnel only. Other 
individuals refer to the ‘HP 3421A Operating, Programming, and Configuration Manual’’. 


1-1-3. The installation and service information of the HP 3421A mainframe 1s In this chapter. 
The chapter has eight sections that are assigned as follows: 


Section I - General Information 
This section describes the content of Chapter 1, has a brief description of the HP 3421A 
and its options, and lists the Model 3421A specifications. 


Section II - Installation 
This section explains the power requirements, line voltage selection, battery operation, and 
how to connect the Model 3421A via the HP-IL cables. 


Section Ill - Operation 
This section contains condensed operating instructions for service trained individuals. 


Section IV - Performance Verification and Calibration 
This section contains performance verification and calibration procedures for the HP 3421A 
mainframe. 
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General Information HP 3421A 


Section V - Adjusiments 
This section normally has the adjustment procedures. However, since the Model 3421A has @ 
no adjustments, no procedures will be in this section. 





Section VI - Replaceable Parts 

For ease in obtaining part numbers, all the replaceable parts for the HP 3421A and ALL 
options are in this section. Ordering information, and all chassis and mechanical parts are 
also in this section. 


Section VII - Manual Changes 

This section contains information to update this chapter for use with HP 3421A mainframes 
that have serial number prefix, serial numbers, or ERC numbers different than shown on 
the title page of this chapter. 


Section VIII - Service 
This section has mainframe troubleshooting information, theory of operation, and schematics 


that are arranged in Service Groups. 
1-1-4. INSTRUMENT DESCRIPTION 


1-1-5 The HP 3421A 1s a versatile low cost data acquisition and control unit. When con- 
nected to a computer that supports HP-IL, such as the HP-85 or HP-41C/CV, the Model 
3421A forms an easy to use data acquisition and control system. To expand I/O capabilities 
to several different controllers, the Model 3421A can be equipped with an HP-IB Option. 
A factory installed 12 Vde Power Adapter Option is also available in lieu of the HP-IB Op- 
tion. The instrument cannot be equipped with both the HP-IB Option and the 12 Vdc Power 
Adapter Option at the same time. 





1-1-6. The standard HP 3421A consists of a mainframe, built-in 5'% digit voltmeter, 10 kHz 
counter, and an HP-IL I/O interface. The mainframe can accomodate up to three I/O op- 
tion assemblies, plus an HP-IB Option or 12 Vde Power Adapter Option. The available op- 
tions include a Multiplexer/Actuator Assembly, an 8-bit Digital Input/Output Assembly, 
and a Breadboard Assembly. 


1-1-7. Typically, the HP 3421A is equipped with at least one Multiplexer/Actuator Assembly 
(Option 020, 021, or 022). The option provides ten channels for inputting measurements and 
has a temperature reference junction for thermocouple compensation. Compensation for T- 
type thermocouples is built into the mainframe firmware. Two of the ten channels can be 
configured as actuators for controlling motors, alarms, etc. 


1-1-8. The 8-bit Digital I/O Assembly (Option 050) provides an 8-bit input port and an 8-bit 
output port. Typical uses for this assembly include monitoring limit and position switches, 
and low current/low voltage actuators. 


1-1-9. The breadboard option gives the design engineer or technician the capability of im- 
plementing a custom designed circuit for use with the HP 3421A. 





HP 3421A General Information 


1-1-10. SERIAL NUMBERS 


* 1-1-11. The HP 3421A is assigned a serial number that can be found on the rear panel in 
the following form: 0000A00000. The serial number has two parts: the first four digits and 
the letter are the prefix; the last five digits are the suffix. Usually, the prefix is the same 
for all identical units manufactured. The suffix, however, is assigned sequentially and is dif- 
ferent for each unit manufactured. This chapter applies directly to instruments with a serial 
number prefix listed on the title page of this chapter. 


1-1-12. Your HP 3421A may have a serial number prefix different than listed on the title 
page. This indicates that your Model 3421A may be different than what is described in the 
manual. If this is the case, refer to Section VII of this chapter for backdating information. 
If the information is not listed in Section VII, it may be on a yellow MANUAL CHANGES 
supplement (located at the front of the manual). 


1-1-13. In addition to change information, the Manual Changes Supplement may contain 
information for correcting errors in this manual. For information concerning a serial number 
prefix that is not listed on the title page, or in the Manual Changes Supplement, contact 
your nearest Hewlett-Packard Sales and Service Office. 


1-1-14. PRINTED CIRCUIT BOARD IDENTIFICATION 


1-1-15. The motherboard is identified by the board number and the engineering revision code. 
These two numbers identify the electrical characteristics of the circuit board. The engineer- 
ing revision code and board part number are listed on the schematic, component locator, 
and replaceable parts list. 





1-1-16. In any service related correspondence, identify the printed circuit board by using 
the board number followed by the engineering revision code. For example: 


03421-66511-2310 


would identify a motherboard board having an engineering revision code of 2310. 
1-1-17. Board Part Number 


1-1-18. The HP part number of the printed circuit board is etched on the pe board. It Is 
a ten digit number, separated by a hyphen into two groups of five digits. The first five digits 
identify the model or assembly number; the last five digits are unique to the assembly. 


1-1-19. Engineering Revision Code (ERC) 


1-1-20. The engineering revision code (ERC) is changed whenever a change is made to the 
assembly. The change could be a printed circuit board revision, a component value change, 
added or deleted components, a component part number change, or a revised test and assembly 
procedure. ERCs were implemented on this instrument and its options with the introduction 
of the 03421-66511 motherboard. The first ERC was 2334. 


1-1-21. A typical ERC label is shown in Figure 1-1-1. It is the only label on the pe board 
that has a four digit number. This four digit code is in the form of YYWW, where YY Is 
the last two digits of the year minus 60, and WW is the week. For example, an ERC of 2310 
would identify the last revision to the assembly was in the tenth week of 1983. 





1-1-3 


General Information HP 3421A 


2310 & 


Figure 1-1-1. Typical Engineering Revision Code (ERC) Label 


[-1-22. The ERC is listed on schematics, component locators, and parts lists. If the ERC 
of your assembly is lower than the one listed, refer to Section VII of the applicable chapter 
for backdating. If the ERC is higher than the one listed, this manual should be accompanied 
by a yellow MANUAL CHANGES supplement. 


1-1-23. ACCESSORIES AND OPTIONS 


l-1-24. The available options and accessories for the HP 3421A are listed in Tables 1-1-1 
and 1-1-2, respectively. 


Table 1-1-1. Model 3421A Options and Field Installation Kits 


“a 


HP-IB Option. 











HP Model No. if 
Ordered Separately 


HP Model/Option No. 
if Ordered with 34214 














44461A* 
44462A° 


201 
020 











8-channel Muiltiplexer/2-channel Actuator with thermocouple reference 
and connector block. 









O21 





9-channel Multiplexer/1-channel Actuator with thermocouple reference | 
and connector block. 







022 10-channel Multiplexer with thermocouple reference and connector 


block. 











444630" 
444644* 


444634 
040 
050 
444664 





Extra connector block for multiplexer card. 








Breadboard Assembly with connector block. 











44465A* 8 bit in/8 bit out Digital |/O Assembly with connector block. 












44466A* 
44468A* 





Extra connector block for HP 44464A or 44465A. 















444684 HP-41CV Data Acquisition Pac for programming the Model 34214 











44469A* 44469A Seven pairs of resistors for 10:1 300 Vac divider. 














214 
541 





Add 12 Vde Power Adapter Option. 









Urder components 
separately 


82161A 


Add HP-41C Computer, HP 82160A HP-IL Interface, HP 82182A Time 
Module, and HP 44468A DA/C Pac. 


HP 82161A HP-IL Digital Cassette Drive. 
HP 82162A HP-IL Printer. 
Side Handle Kit. 








561 
562 
401 
907 
908 
909 
910 










821624 
















Front Handle Kit. 






Rack Mount Kit. 





Rack Mount with Handle. 





Order by part no Additional Operating, Programming, and Contiguration Manual, and 


Service Manual. 


| *Field Installation Kits 









HP 3421A General Information 


Table 1-1-2. Model 3421A Accessories 





Accessory 
Number Description 


100234 Temperature Probe. 
110966 500 MHz RF Probe. 
341184 Test Lead Kit 
10833A 1 Metre HP-IB Cable 
108336 | 2 Metre HP-IB Cable. 
10833C 4 Metre HP-IB Cable. 
10833D 0.5 Metre HP-IB cable 
B2Z2167A 0.5 Metre HP-IL Cable. 
8216/76 1 Metre HP-IL Cable. 
82167D 5 Metre HP-IL Cable. 
113414 HP 3421A Carrying Case iholds HP-41C/CV Handheid Computer) 
11351B HP 3421A Carrying Case (holds HP-75C Personal Computer). 
03421-66504 Diagnostic Terminal Block (for testing Multiplexer and Digital |/O Assemblies. 
03421-66505* | Temperature Calibrator Board (for calibrating the Multiplexer Assemblies). 
03421-10001 HP 3421A Calibration and Performance Verification Program Tape (for semi- 
automated test and calibration of the HP 3421A and its options). 
03421-67901 Includes the Diagnostic Terminal Block, Temperature Calibrator Board, Calibra- 
tion and Performance, Verification Program Tape, and instructions on how to 
use them. 


*The Temperature Calibrator Board is shipped with each ordered Multiplexer/Actuator Assembly 





1-1-25. SEMI-AUTOMATED TEST AND CALIBRATION EQUIPMENT 


1-1-26. The following test equipment is available to do semi-automated tests and calibra- 
tions of the HP 3421A mainframe and Options 020, 021, 022, and 050. This equipment can 
be ordered under HP Part Number 03421-67901, which includes instructions on how to use 
the equipment with the Model 3421A, and the Multiplexer/Actuator and Digital 1/O Assembly. 
The equipment is explained as follows: 





1-1-27. Diagnostic Terminal Block 


1-1-28. The Diagnostic Terminal Block is a test fixture that can be used to run verification 
tests on the HP 3421A Options 020, 021, 022, and 050. This is done using an HP-41C/CV 
Handheld Computer or an HP-85 Personal Computer. The HP-41C/CV must be equipped 
with the HP 44468A Data Acquisition Pac ROM to use the test fixture. To use the fixture 
using an HP-85, you must have the HP 3056DL software package or the HP 3421A Calibra- 
tion and Test Tape Cartridge (see next paragraph). The Diagnostic Terminal Block can be 
ordered under HP Part Number 03421-66504. 


1-1-29. Model 3421A Calibration and Test Tape Cartridge 


1-1-30. The HP 3421A Calibration and Test Tape Cartridge contains routines to perform 
semi-automated calibration and performance tests on the Model 3421A and the Multiplex- 
er/Actuator Assembly A routine to test the Digital 1/O Assembly using the Diagnostics Ter- 
minal Block is also included. In addition, the tape also includes a loop test that can be used 
to repeatedly exercise the HP 3421A dc volts, ac volts, and ohms functions. This 1s useful 
in detecting intermittent errors. The HP 3421A Calibration and Test Tape Cartridge can be 
ordered under HP Part Number 03421-10001. 
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1-1-31. Temperature Calibrator Board 


1-1-32. The Temperature Calibrator Board is used to perform the temperature calibration 
of the Multiplexer/Actuator options installed in the Model 3421A. It can be used with both 
the manual and semi-automated temperature calibration procedure. If the semi-automated 
procedure is used with this board, make sure the HP 3421A Calibration and Test Tape Car- 
tridge is a Revision C or above. The board is presently shipped with the HP 3421As that 
have an Option 020, 021, or 022 installed, and also with each field installable Multiplexer/ 
Actuator option (i.e., HP Model 44462A). This board replaces the thermistor that has previous- 
ly been shipped with older Model 3421As. The board can be ordered under HP Part Number 
03421-66505. 


1-1-33. SPECIFICATIONS 


1-1-34. The HP 3421A specifications are listed in Table 1-1-3. These specifications are the 
performance standards or limits to which the instrument can be tested. 


Table 1-1-3. HP 3421A Specifications 








DC VOLTAGE 


Input Characteristics 
















Maximum 
Input 
Voltage 


0-40°C @ 65% <RH=95% | 
Input 
Resistance 







Maximum Resolution 
Display 


(5% Digit) 



















Input 
Resistance 
















54 Digit 4) Digit 3% Digit 







.3010000 +350 Vpeak Hi-earth. 
















3.01000 | +300 Vpeak 
| 30.1000 10M + 1% - 9% Hi-Lo 
301.000 | 10M + 1% -— 9% | +150 Vpeak Lo-earth. 





Measurement Accuracy: +(% of reading + number of counts), Temperature Coefficient: Add to Measurement Accuracy +(% of 
Auto-zero on, reading + number of counts)/°C for each °C outside of 
(20°C = calibration temperature < 30°C) calibration temperature + 5°C, within the range of O°C to 55°C, 








24hours: 23°C + 1°C operating temperature after 1 hour warmup. 
For less than 1 hour warmup use 90 day specs. 






| 0.0008 + 0.5 | 0.0008 + 






3% Digit 










0,0008 + 0.5 | .05 | 0.0008 + 


0 
0.0007 + 0.05 0.0007 + 0 
0 

0.0007 + 0.05] 0. | 0.0007 + 0 














£0050 + 1 

0035 + 1 
0050 + 1 
£0055 + 1 


.0050 + 1 
.0035 + 1 
£0050 + 1 
.0055 + 1 





Auto-zero Off: Add to Measurement Accuracy + (number of 
counts). For 24 hours in a stable environment (temperature 
within + 1°C of the temperature when auto-zero is turned off). 















Noise Rejection; For 50, 60 Hz + 0.1% (depending on option). 
1 kQ unbalance in Lo. Auto-zero on. 

















| years 23°C + 5°C operating temperature 







0-40°C @ 65% <RH=<95%| 
5y4 4% «3% 
Digit Digit Digit 


= 85%RH @ 30°C 
5% 4, 38 
Digit Digit Digit 






3% Digit 
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Table 1-1-3. HP 3421A Specifications (Cont'd) 


- RESISTANCE (2-wire 2, 4-wire Q) 


input Characteristics 


: Maximum Current | Max. Open 
Reading | Resolution Resolution | Resolution Through | Circuit 
5% Digit 4% Digit Unknown | Voltage 


301.000 
3.01000 
30.1000 
301.000 
3.01000 
30.1000 | 





Non-destructive over load + 300 Volts peak. Operating _ | 7 
Short-term overload + 650 Volts peak. Environment 0-40°C @ 65% <RH = 95% 


RESISTANCE (2-wire 2. 4-wire Q) (Continued) 


Measurement Accuracy: +(% of reading + number of counts}. 
Auto-zero on. 4-wire ohms. 


5% Digit Mode 


+4+44++4+4+ 


Operating 
Temperature 23°C + 1°C 23°C + 5°C 


Operating 
Temperature 23°C + 6°C 23°C + °C 


++ ++ +4 


Operating 
Environment 0-40°C @ 65% <RH=<95% 


ar 





pe tot + + + 


*3% digit 3M and 30M spec is for ac operation with floating in- 
put. Measurement noise will decrease with LO connected to EARTH 
or in battery operation in which case the spec is the same as for 
5% digit with O counts offset. 


++++4+4 


Operating 
Environment 0-40°C @ 65% <RH=95% 


+ 
+ 
Sa 
- 
4 
+ 





*3% digit 3M and 30M spec is for ac operation with floating in- 
put. Measurement noise will decrease with LO connected to EARTH 
or in battery operation in which case the spec is the same as for 
5% digit with O counts offset. 


++ +444 





|-]-7 
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Table 1-1-3. HP 3421A Specifications (Cont'd) 





First reading is in specification with default delay and 200 pF of 
Capacitance. 


2-wire ohms accuracy is the same as 4-wire ohms except add a 
maximum of 42) offset. 


Temperature Coefficient of Measurement Accuracy: 


O°C to 18°C, 28°C to 55°C 
5% digit display, auto-zero on 
+(% reading + number of counts)/°C 


Temperature 
Coefficient 





For 4 digits, multiply counts by .1 
For 3 digits, multiply counts by .O1 


Auto-zero Off: (5° digits) 


For a stable environment (+ 1°C} add 11 counts for 300% range, 
3 counts for 3k through 300k ranges, 8 counts for 3M and 33 
counts for 30M range, For 4% or 3% digits, multiply counts 
by .1 and .01 respectively. Changes in lead resistance are not 
corrected in 4-wire ohms with auto-zero off. 


















Current Source Accuracy: 2.7% 
Maximum Lead Impedance: 4-wire {} 
{2 sense leads 10k 


{? source lo lead 1/30 of full scaie 
{} source hi lead 1/3 of full scale 


3kQ) for 3000 
300{) 30k2) | 300k{ 3Mo) 
Lo 
Hi | 


Ail ranges 
All ranges 
3k through 30M 














10 | 100 1k 10k | 100k 
3k | 1k | 10k | 100k | 1M 


AC VOLTAGE 


7M 
10M 





input Characteristics 






Maximum 
Input 
Voltage 


Maximum 
Display 
(4% Digit) 






4% Digit 
| Resolutioin 


Input 
Resistance 





10M2+1% | Hi-Lo 
+30V peak 
Lo terminal 


TOM‘? + 1% to earth: 


+ 150V peak 










Measurement Accuracy*: +(% Reading + Counts) 
(90 days) 








Temperature Coefficient 
+(%Reading + Counts)/°C 
O-18°C, 28-55°C 








45 Hz-500 Hz 


1+ 6 05+ 6 
1 + 60 0.5 + 60 
V 


“These specifications assume: V,, > 0.3V (3V Range) 
Vo > 3V (30V Range) 


IW 


3” Digits 
| 4% Digits 








COUNTER 


AC coupled zero crossing 
Frequency range: 


< 1.5 ms 
>1.5 ms 


1 Hz to 10 KHz with rise time 
10 Hz to 10 kHz with rise time 


Sensitivity: 600 mV p-p 
Minimum pulse width (5V): 

50 nsec, 5% duty cycle minimum 
Accuracy: (.05% of reading + 1 Count) 
Maximum input voltage; 3O0V 
Maximum DC offset: 2\V 


input impedance: 1OM + 1 10% 


TOTALIZE MODE 

Minimum pulse width (5V): 
90 psec, 5% duty cycle minimum for signals with period 1 second 

Sensitivity; 600 mV 

Maximum counts: 65,535 

Maximum rise time for signals jess than 10 Hz: 1.5 ms 

Minimum pulse period: 100 usec 

Maximum input voltage: 3OOV 

Maximum DC offset: 2\V 


Input impedance: JOM + 1 — 10% 
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Table 1-1-3. HP 3421A Specifications (Cont'd) 


BATTERY LIFE 


Battery life from full charge: 
HP-IB 6 hours minimum 
Battery charge rate from minimum to full charge: 


16 hours if HP 3421A off or asleep 
21 hours if HP 3421A is on 


HP 3421A READING SPEEDS —- INTO 
INTERNAL MEMORY (READINGS/SEC) 
REPEAT ON ONE CHANNEL 


1.05 
1.05 
1.05 












RANDOM CHANNEL 


2.19] 3.98 3.99 G1) 7.59 
13.18] 18.34 90 | 1.08 is x 18.61 ‘aa G0 a7 
22.22| 25.99] 1.35 | 1.39 | 22.19] 26:01| .98 | G1 : 


N5, N4,N3 = 5%, 4%, 3% digit mode 







Z1 = Auto-Zero On 
ZO = Auto-Zero Off 
Fi = DC Volts 
F2 = AC Volts 


F3 = Ohms 
F6 Temperature (T-type! 
FF = Frequency 


= .1 second gate time 
= 1 second gate time 
= 10 second gate time 


1-1-9/1-1-10 











SECTION Il 
INSTALLATION 


WARNING 


The information in this manual is to be used by qualified service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 


The HP 3421A uses latching relays on the Multiplexer/Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This is an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them. However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known state must be provided by the installer. 


If a Multiplexer/ Actuator Assembly is installed in the HP 3421A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals. Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 


1-2-1. INTRODUCTION 
1-2-2. This section contains the following information: 


Initial Inspection - paragraph 1-2-3. 

Power Requirements - paragraph 1-2-6. 

Line Frequency and Line Voltage Selection - paragraph 1-2-8. 
Power Cords and Receptacles - paragraph 1-2-1]. 

HP-IL Interface Connections - paragraph 1-2-13. 

Option Board Connections - paragraph 1-2-16. 

Environmental Requirements - paragraph 1-2-18. 

Repackaging for Shipment - paragraph 1-2-23. 

Where to Ship Your Instrument for Repair - paragraph 1-2-26. 
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1-2-3. INITIAL INSPECTION 





1-2-4, The HP 3421A was carefully inspected for mechanical and electrical defects before © 
it left the factory. It should be free of mars and scratches and in proper working order upon 

receipt. When you unpack the instrument, keep the shipping carton and cushioning material 

until the contents have been checked for completeness and the instrument has been checked 

mechanically and electrically. The electrical performance verification is given in Section IV 

of this chapter. 


1-2-5. If the contents are not complete, if there is mechanical damage or defect, or if the 
instrument does not pass the performance tests, promptly notify the nearest Hewlett-Packard 
Sales and Service Office. A list of these offices is located at the end of this manual. If the 
shipping carton is damaged, or if the cushioning material shows signs of stress, notify the 
carrier as well as the Hewlett-Packard Office and keep the shipping materials for the 
carrier’s inspection. The sales and service office will arrange for repair or replacement of 
your instrument (at HP option) without waiting for the claim against the carrier to be settled. 


1-2-6. POWER REQUIREMENTS 


1-2-7. The HP 3421A requires an ac power source of 100V, 120V, 220V, or 240V (-10% 
to +5%), 48 to 440 Hz single phase when operated from the ac line. The maximum power 
consumption is 6 VA. The line voltage to which the instrument is preset is indicated on the 
rear panel. Make sure the box checked is the same as the nominal line voltage for your area. 
Also, inspect the 50/60 Hz switch on the rear panel for the proper setting. This switch should 
be up for 60 Hz operation and down for 50 Hz operation. 





1-2-8. Line Frequency and Line Voltage Selection 


1-2-9. Line Frequency Switch. The line frequency switch is located on the HP 3421A rear 
panel, This switch is used to select 50 Hz or 60 Hz line rejection and should therefore be 
set to the line frequency of your area. This is shown in Figure 1-2-1. When the HP 3421A 
is operating on ac line frequencies other than 50 or 60 Hz, ac line rejection is substantially 
reduced, and the specifications listed in Table 1-1-3 cannot be guaranteed. 


ay, 
IS) 





fee 
aang 


SWITCHES 








POWER ON f) 60Hz 
L\BLE ] i 
no a, ec Z 

C] SOH?z 


90/60Hz LINE FREQUENCY SELECT 





Figure 1-2-1. AC Line Frequency Switch 
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1-2-10. Line Voltage Selection. To verify or change the line voltage, the HP 3421A top cover 
* needs to be removed. Do the following: 





a. Make sure the ac power cord is disconnected from the instrument. Also make sure all 
external sources of power have been removed from the option terminal blocks. 


b. Turn the instrument upside down. This is preferably done on top of a protective mat 
to reduce the possibility of scratching or marring the instrument case. Refer to Figure 1-2-2 
and loosen the six screws on the instrument bottom. 


LOOSEN SIX SCREWS 


! 


2) 





Figure 1-2-2. HP 3421A Disassembly 


c. Hold the top cover in place and turn the instrument upright. Then remove the top cover. 


d. Refer to Figure 1-2-3 and locate the line voltage select wire and four terminals next 
to fuse holder FX701. 


100 120 220 240 





Figure 1-2-3. AC Line Voltage Selection 
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1-2-4 


¢. Make sure the wire is on the terminal that corresponds to the power line voltage in your 
area. If no, pull the wire off the terminal where it is located and place it on the proper ter- 
minal, as follows: 





Nominal Voltage Use Terminal 
56-106 Volts 100 
104-127 Volts 120 
190-233 Volts 220 
208-250 Volts 240 


f. Re-install the top cover. 


g. If the power line voltage jumper was changed, re-mark the rear panel to reflect the 
new configuration. 


1-2-11. POWER CORDS AND RECEPTACLES 


1-2-12. Figure 1-2-4 shows the various available power cord plugs for the HP 3421A. The 
HP part number for each plug (and cord) is shown directly below each illustration. If the 
inappropriate power cord is supplied with the instrument, notify the nearest HP Sales and 
Service Office and a replacement will be provided. 
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CABLE*: HF 8120-1692 
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PLUG*. SEV 1011.1959-246507 
PLUG", DHCR 107 TYPE 12 
CABLE*: HP 8120-2956 CABLE*: HP 8120-2104 






PLUG". CEE22-V7 
CABLE*: HP 6120-1860 
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OPERATION 


250 ¥-6A"* 










PLUG". NEMA G-15P PLUG". NEMA 5-15P 
CABLE*: HP 81270-0696 CABLE": HP 8120-1378 





PLUG*. BS 1363A 
CABLE*: HP 8120-1351 






PLUG*. W255 1S98/AS Cilz 
CABLE": HP 6120-0696 


PLUG". NEMA 1-15P 
CABLE*; HP 8120-0664 


STD-B-4195 (Rev. 84) *The number shown for the plug is the industry identifier for the plug only. 
The number shown for the cable is an HP part number for a complete cable including the plug. 
** UL listed for use in the United States of America 


Figure 1-2-4. Power Cables 


1-2-13. HP-IL INTERFACE CONNECTIONS 


1-2-14. The standard I/O interface for the HP 3421A is the HP-IL (Hewlett-Packard Inter- 
face Loop). If your instrument is equipped with the optional HP-IB (Hewlett-Packard In- 
terface Buss), refer to Chapter 4 (HP-IB Assembly Installation and Service Information) 
for an explanation on how to connect HP-IB cables. 
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1-2-15. A typical HP-IL interface connection is shown in Figure 1-2-5. 


OPTIONAL HR-IL 
COMPATIBLE DEVICE 


! 1 
FEMALE | } FEMALE 
(LARGE) (LARGE) 
PLUG PLU PLUG 





HP-85 CONTROLLER 





Figure 1-2-5. Typical HP-IL Interface Connection 


1-2-16. OPTION BOARD CONNECTIONS 


1-2-17. Typically, the HP 3421A will have one or more of the options listed in Section I. 
Installation and connection of these options is explained in the ‘‘Operating, Programming, and 


Configuration Manual’’. 


1-2-18. ENVIRONMENTAL REQUIREMENTS 


To prevent electrical fire or shock hazards, do not expose the 
instrument to rain or excessive moisture. 
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1-2-19. Operating Temperature 





|-2-20. To meet and maintain the specifications listed in Table 1-1-1, the HP 3421A should © 
be operated within +5°C (+9°F) of the reference temperature. The reference temperature 

is the temperature at which the HP 3421A was calibrated. For example, if the HP 3421A 

was calibrated at a temperature of 23°C (73°F), it should maintain its specifications if operated 

within +5°C (+9°F) of that reference temperature. When the instrument is calibrated at 

the factory, the reference temperature is from 18°C to 28°C (64°F to 84°F). The HP 3421A 

can be operated within an ambient temperature range of 0°C to 55°C (32°F to 131°F), but 

it will have less accuracy if it is operated more than 5°C from the temperature at which it 

was calibrated. 


1-2-21. Storage Temperature 


1-2-22. The HP 3421A storage temperature must be between -40°C and + 65°C ({-40°F to 
+ 149°F), 


1-2-23. REPACKAGING FOR SHIPMENT 
NOTE 


If the instrument ts to be shipped to Hewlett-Packard for service 
or repair, attach a tag to the instrument identifying the owner and 
indicating the service or repair to be made. Also include the model 
number and full serial number of the instrument. In any 
correspondence, identify the instrument by model number and full 
serial number. If you have any questions, contact your nearest 
HP Sales and Service Office. 





|-2-24. Place the instrument in its original container with appropriate packaging material 
and secure with strong tape or a metal band. If the original container is not available, a replace- 
ment can be purchased from your nearest HP Sales and Service Office. Hewlett-Packard 
Suggests that you always insure shipments. 

|-2-25. If the original container is not to be used, do the following: 


a. Wrap the instrument in heavy plastic and then place it in an inner container. 


b. Place packing material around all sides of the instrument and then seal the inner 
container with strong tape. 


c. Place the inner container in a heavy carton and seal it with strong tape or metal bands. 
d. Mark the shipping carton ‘‘DELICATE INSTRUMENT”’, ’’FRAGILEP”’, etc.. 
1-2-26. WHERE TO SHIP YOUR HP 3421A FOR REPAIR 


{-2-27. Return your unit to the nearest HP Sales and Service Office. A list of these offices 
is given at the end of this manual. © 
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SECTION Ill 
OPERATION 


The information in this manual is to be used by qualified service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 





The HP 3421A uses latching relays on the Multiplexer/ Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This is an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them. However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known state must be provided by the installer. 


[f a Multiplexer/Actuator Assembly is installed in the HP 3421A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals. Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 





1-3-1. INTRODUCTION 


1-3-2. This section contains the operating information for the HP 3421A. This information 
is abbreviated and is provided for service trained individuals, rather than operators. For com- 
plete operating instructions, refer to the HP 3421A Operating, Programming, and Configura- 
tion Manual. 


1-3-3. GENERAL INFORMATION 
1-3-4. AC Power Operation 


1-3-5. Before connecting the HP 3421A to the ac power line, make sure it is configured to 
operate at the line voltage and frequency of your area. The instrument line voltage configura- 
tion is marked on the rear panel label. If your instrument is not configured for the power 
source you intend to use, refer to Section II of this chapter (Chapter 1) and re-configure 
the instrument. 
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1-3-6. Battery Operation 





1-3-7. The instrument can be operated from its internal battery up to 12 hours when HP-IL 
is the interface standard or for six hours if HP-IB is the standard, assuming a fully charged 
battery before portable operation. If the battery is low (<5.8V) when the Model 3421A is 
turned on, the instrument displays ERROR 27 and then goes into a power down state (Model 
3421A is inoperative) in approximately three seconds. If the battery goes below 5.8V during 
operation, the ERROR indicator turns on and the instrument goes into the power down state 
in approximately three minutes, after detecting the low battery. During the power down state, 
the instrument 1s completely inoperative, except for the display. If the power down state is 
enabled at turn on, the power indicator and ERROR 27 remain displayed. If the state is enabled 
during instrument operation, both the power and error indicators, and the previously closed 
channels will remain displayed. The battery is charged automatically when ac power is con- 
nected to the HP 3421A. A discharged battery that is between 1V and 5.8V can take up to 
16 hours to fully charge with the front panel switch off. When the switch is on, it takes about 
21 hours if the Model 3421A has HP-IL and longer if equipped with HP-IB. A fully discharged 
battery (<1¥V) can take up to 48 hours to charge. 


NOTE 


On older HP 3421A°S with serial numbers 2338A03052 and below 
or Al Assemblies with an ERC of 2334 and below, the display turns 
off when the Model 3421A goes into the low power state. 


1-3-8. Turn On > 


1-3-9. When the front panel switch is pressed on (in), the instrument first checks for a low 
battery. If the battery is good, the instrument performs an eight segment self test. The self 
test results can be observed by watching the front panel display as the switch 1s pressed on. 
At turn on, the following sequence takes place. All display segments turn on for about one 
second followed by the display going blank, except for the power-on indicator. If the HP-IB 
option (Option 201) is installed and the HP-IB operation is selected, the HP 3421A displays 
the current HP-IB address for about one second, before the display goes blank. If a self 
test fails, the following takes place. The self test segment that fails (e.g., 0, 1, 2, etc.) is displayed 
about one second before the display goes blank (or before the HP-IB address is displayed). 
After the segment is displayed, the error indicator turns on and remains on. The error in- 
dicators, corresponding self test failures, and the corresponding bit set in the Hardware Er- 
ror Register (see paragraph 1-3-43) are listed in Table 1-3-1. An explanation of the Hard- 
ware Error Register and possible causes of the self test failures are given in Table 1-3-2. 





1-3-10. Immediately after the time allocated for the display of self test failures, the HP-IB 
address is displayed (if the HP-IB option is installed). Do not confuse an HP-IB address 
with a self test failure. Self test failures are indicated by display segments 0 thru 7 and will 
cause the error indicator to remain in the display. The HP-IB address can be indicated by 
any of the display segments, depending upon the HP-IB address that is set. If a low battery 
is detected at power on, display segment 27 will turn on, followed by an automatic instru- 
ment power down about three seconds later. 
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Table 1-3-1. Seif Test Segments and Failures 





| Self Test Segment Description Bit(s) Set SR #3 


Cal RAM Check Sum (U502)} 

ROM 1 Check Sum (U505) 

ROM 0 Check Sum (U506) 

A/D Slope Test 

CPU RAM Check 

RAM Check (U504) 

RAM Check (U503) 

10 Mohm Test 
*Test Segment 7 checks for a 10 Mohm (2+ 20%) input resistance. 

| If during the self test there are any connections on the front panel ter- 

minals or Hi COMMON and LO COMMON of an installed Multiplexer 
Assembly, the test segment will probably fail. To ensure proper cir- 


cuitry operation, make sure these inputs have been disconnected before 
running self test. 





1-3-11. Turn On Configuration 


1-3-12. At turn on after the HP 3421A goes thru its self test, it then takes on the following 
configuration. 


a. Opens all scanner and actuator channels on any Multiplexer/Actuator Assemblies 
installed. 





b. Clears all digital channels on any Digital I/O Assemblies installed. 
c. Set the DC Volts function. 

d. Turns on Autozero and Autorange (starts at 300 V range). 

e. Sets the 5 Digit resolution. 

f. Sets internal trigger on. 


2. Initializes the Channel List to all available scanner channels, from the least significant 
to the most significant. 


h. Checks the rear panel DIP switch settings and: 


1. Sets Register 5 in the SRQ Mask (see paragraph | -3-42) to decimal 84 or 86, depen- 
dent on the DIP switch #3 position. 


2. Selects either 50 Hz or 60 Hz integration time for the A/D operation, dependent 
on DIP switch #5 position. 


3. Sets bit 7 (CAL Enabled) in Register 19 (Voltmeter Status) of the Read State Register 
(see paragraph 1-3-45) if DIP switch #8 is down. 





i. Request service (SRQ) if self test failed or at power on (if DIP switch #3 is in the up 
position). 
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1-3-13. Controller interfacing 





1-3-14. The standard HP 3421A is equipped with the Hewlett-Packard Interface Loop (HP- © 
IL) Interface. The Hewlett-Packard Interface Bus (HP-IB) Interface is available as an op- 

tion. Any controller can be used that supports HP-IL (or HP-IB if the instrument is so equip- 

ped). The operating information given in this section is for the HP-85 Computer. If you 

are using another computer, the programming examples may have to be modified. 


1-3-15. Information Transfers 


1-3-16. When operating with HP-IL, most HP 3421A commands will *‘hold-up’’ the com- 
puter until all readings have been taken. For example, suppose you have three Multiplex- 
er/Actuator Assemblies installed and you program the HP 3421A to take 30 readings (one 
reading from each channel). With a reading rate of about two per second, 15 seconds are 
required to take all 30 readings. The computer can not perform any task while the HP 3421A 
is making the measurements. 


1-3-17, Commands that do not hold-up the computer are: digital monitor commands MN, 
MH, and ML; TOTalize function; and Digital Trigger (DT). 


1-3-18. With the HP-IB option installed, a switch on the option enables and disables buf- 
fered transfers. This switch is factory preset to disable buffered transfers (switch up). In the 
up position, the HP-IB interface acts much the same as the HP-IL interface, holding up 
program execution until all measurements initiated by a command have been made. With 
the switch down, buffered command transfers are enabled. This releases the computer while 
the HP 3421A is taking measurements, but does not release the HP-IB for further communica- 
tion until the measurement is complete. 





1-3-19. There are some HP-IL and HP-IB characteristics that should be understood. When 
using a digital monitor mode (MN, MH, ML, or DT), any communication through the in- 
terface (HP-IB or HP-IL) aborts the mode. For example, if the Model 3421A is waiting for 
a Digital Trigger (DT) and the computer or some other instrument sends any command or 
data through the interface, the HP 3421A aborts the Digital Monitor mode. It must be 
reprogrammed for that mode in order to re-enable the function. 


1-3-20. When the HP-IB option is installed and one of the Digital Monitor modes (MN, 
MH, ML, or DT) is configured, the HP 3421A must be set to unlisten. This allows the HP 
3421A to interrupt the computer by pulling the SRQ line when the interrupt causing event 
occurs. For the HP-85, this is done by the following program line, assuming the interface 
is on select code 7. 


SEND 7 ; UNL 
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1-3-21. Addressing 


1-3-22. Each instrument connected to the computer interface, whether it is HP-IL or HP- 
IB, has a unique address. The address provides the computer with a means of specifying a 
particular instrument that will send or receive data. Instructions such as OUTPUT 901 (for 
HP-IL) or OUTPUT 709 (for HP-IB) are examples of how the address is specified. The three 
digit number 901 specifies the device being selected is on interface select code 9 with an 
HP-IL address of 1. The number 709 specifies the device being selected is on interface select 
code 7 with an HP-IB address of 9. The following example shows how a typical OUTPUT 
statement is sent, and the purpose of the various portions of the statement. 


OUTPUT 901 ;"°TEM 2’ 
Specifies channel 
| number 2. 


(spaces are ignored 
by the HP 3421A). 


Standard Command 
for Temperature 
HP 3421A Measurements. 


Address 


Interface 
Select Code 


Computer Output 
Command 


1-3-23. HP-IL Addressing. The controller automatically reassigns addresses to each device 
connected in the loop. This is called ‘‘autoaddressing’’. Addresses are assigned sequentially 
around the loop in the direction of information flow. The first device in the loop after the 
controller is assigned address ‘‘1’’, the second device is assigned address *‘2’’, and so on. 
A maximum of 31 devices, including the controller, may be connected in the loop. The HP 
3421A, regardless of where it is connected in the loop, will be autoaddressed accordingly. 


1-3-24. HP-IB Addressing. When the HP 3421A has the HP-IB option installed, a switch 
on the option permits either HP-IB or HP-IL interfacing. When the HP-IB interface is selected, 
the HP-IB address is set by switches. These switches are factory preset for an HP-IB address 
oro, 


1-3-25. Sending Instructions to the HP 3421A 


1-3-26. Commands sent to the HP 3421A instruct it to perform some specified task. At the 
end of this section is a quick reference guide which lists all commands the HP 3421A will 
respond to. Commands fall into two categories: standard and advanced. 


a. Standard commands set up the HP 3421A and complete a measurement task. For 
example, the command DCV2,7-9 causes the HP 3421A to take dc voltage measurements on 
channels 2, 7, 8, and 9, and store the readings in its internal memory. One command causes 
a complete measurement task to be performed. 


Operation 
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6. Advanced Commands provide additional flexibility, but they do not perform a 
complete measurement task. These commands perform only one aspect of a measurement. & 
Advanced commands are suitable for those who wish to tailor their system for some 
particular requirement. 


1-3-27. Channel List Rules 


1-3-28. The channel list specifies the order in which channels will be measured. The series 
of channels specified must adhere to the following rules. 


a. The default channel list (asserted at power on or reset) consists of all multiplexer 
channels in numerical sequence. The channel list can be loaded with multiplexer channels 
by the DCV, ACV, TWO, FWO, TEM, FRQ, LS or LP commands. It can also be loaded 
with digital input bit numbers by the BIT command. 


b. Channel addresses are separated by commas. However, a dash may be used to signify 
a contiguous set of channels. When using Advanced Commands, any command that specifies 
a channel must be separated from subsequent commands by either a colon (:) or a semicolon 
(;) but not a comma (,). Example: FIRAIZINSLS5-9:T3. If the last character in the 
command string is a comma, an error will be generated. 


c. No more than 30 channels are accepted into the channel list. Legal channel numbers 
are OO through 29. 


d. The mnemonic determines what type of channel can be loaded into the channel list. 
In other words, if channel | is configured as an actuator channel, it should not be specified 
for any type of measurement (i.e., DCV1 or BIT1). If an attempt is made to load the 
channel list with an improper type of channel, a syntax error is generated and the command 
is aborted. If channels x-y are received and some channels in between and including x and 
y are the wrong type of channels for the command, they are not loaded into the list and 
the error message is not sent. The remainder of the channels are loaded into the list. 





e. Leading zeros are ignored. Example: DCV00019 means DCV19. 


f. All syntax following a decimal point is ignored except for comma (,), dash (-), semicolon 
(;), colon (:), carriage return (CR), or line feed (LF). Example: DCV2.3 means DCV2. 


g. Exponents are not allowed and cause a syntax error. The command is also aborted. 


h. All lower case letters are interpreted as upper case. Blanks and plus signs (+) are 
ignored. For example, Dc V +21 is the same as DCV21. 


i. Terminators are required after any command (standard or advanced) that either specifies 
a channel or a decimal value, when that command is to be followed by another command. For 
example, the ‘Mx’ command is used to set the SRQ mask. This command can have a decimal 
integer value ‘x’ of between 0 and 255. Therefore, this command must be followed by a 
terminator if another command is to follow it. Example: OUTPUT 901 ; ‘‘M1:TO’’. Valid 
terminators are a colon (:), semicolon (;), carriage return (CR) or line feed (LF). 
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1-3-29. Receiving Data from the HP 3421A 


1-3-30. The HP 3421A can ‘‘talk’’ to the computer or other instruments. For this to occur, 
however, the computer must address the HP 3421A to talk. For example, suppose you want 
to take a temperature measurement on channel 2, and have the HP 3421A send the informa- 
tion to the computer. Using the HP-85 equipped with an HP-IL interface on select code 9, 
you can do this by executing the following program. 


10 OUTPUT 901. ;. “TEM2” 
20 ENTER 901; A 

30 DISP A 

40 END 


{-3-31. The ENTER 90] statement addresses the HP 3421A to talk. The measured temperature 
is stored in the variable A. The DISP A statement causes the computer to display the 
temperature measured. Computer syntax statements (OUTPUT, ENTER, DISP, etc.) are 
computer dependent, and may be different for different computers. 


1-3-32. HP 3421A Output Formats 


1-3-33. Measurement data is sent by the HP 3421A as 13 bytes in the following format (5 
7 digit mode). 


Measurement: +d.dddddE+ CR LF 
Error: —&.88888E+8 CR LF 
Overload: +9,99999E+9 CR LF 


(Note: Many computers change the 13 bytes to an actual reading like changing — 8.88888E +8 
to — 888888000.) 


1-3-34. Digital data is sent by the HP 3421A as follows: 


Digital: ddd CR LF 
Digital Error: 888 CR LF 


1-3-35. Notice that measurement data is sent in exponential form. The exponent ts the same 
as the voltmeter range unless the measurement is temperature or frequency. In other words, 
the reading + 1.23456E — 1 means the reading is on the .3V range (R — 1), and the measured 
value is .123456V. When the measurement is entered into a numeric variable (e.g., A), the 
measurement will be adjusted to eliminate the exponent. The number of digits following a 
decimal point is the same as the number of digit resolution configured. This means that if 
3 digit resolution is configured (N3), the reading will be output as: +d.dddE +. This change 
of output digits is also true for errors. The computer may not display trailing 0’s, depending 
upon how it is configured. 
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1-3-8 


i-3-36. Error Format. As previously noted, the error format for the 5 2 digit mode is 
— 8.88888E + 8, and changes for the digit resolution configured. The error message is sent 
in place of the first reading after the error occurs. Bit 5 of the status register will also set. 
Conditions that will cause the error message are: 


. Hardware error. 

. Calibration error. 

. Command syntax not understood. 
. Can’t execute command. 

. Low battery. 

. self Test failed. 


soon op 


[-3-37. The error message is not sent if the status byte is read (SPOLL or SR commands) 
before the HP 3421A is addressed to talk. In this case, the reading will be sent if it is available. 
The reading will not be available if: 


a. No measurement has been taken. 

b. Function FO is asserted and the HP 3421A is triggered. 

c. If the channel list and bit list are empty and the HP 3421A is triggered by T3, DT, 
or TRIGGER. 


1-3-38, If an error occurred during a digital read, the error message is 888. 


1-3-39. Overload Format. There are two conditions that causes the overload message 
(+ 9.99999E +9) to be sent. These are: 


a. Voltmeter overload. 
b. Counter overflow in TOTalize mode (greater than 65535 counts). 


1-3-40. Require Service (SRQ) 


1-3-4]. The HP 3421A can interrupt the computer for certain conditions if it is programmed 
to do so. How the computer responds to the interrupt depends upon how it is programmed. 
Here is a list of the conditions that can be programmed to cause the interrupt: 


a. Power-on/Reset. The HP 3421A will interrupt the computer at power on, the HP 3421A 
receives a Device CLEAR or Selected Device CLEAR, or the HP 3421A is reset (RS). The 
HP 3421A rear panel switch segment 3 must be set to the up position for this interrupt to occur. 


b. Data Ready. The HP 3421A will interrupt the computer after each completed measure- 
ment or, if a channel list is measured, the interrupt will occur after all readings are taken. 


c. Self Test Error. If any of the eight self tests fail, an interrupt will occur. 


d. Event Occurred. The HP 3421A can monitor the digital input ports and, if a specified 
bit or 8-bit word occurs, it will send an interrupt. 


e. Low Battery. If the HP 3421A is being powered by its internal battery, it will generate 
an interrupt when the battery drops below 5.8V. Then, after approximately three minutes, 
the HP 3421A will power down. When a low battery is detected, the following commands 
cannot be executed: TOT, MH, ML, MN. 
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f. Abnormal Condition. Abnormal conditions include: 


1. Hardware error. 

2. Calibration error - calibration is suspect. 

3. Command from computer not understood - e.g., FR3 is not a legitimate command 
for the HP 3421A. 

4. Can’t execute a command - e.g., a command to close channel 25 with no multi- 
plexer in slot 2. 

5. Low battery. 

6. Self test failed. 





1-3-42. Status Register and Status Byte 


3-43. The status register indicates several different operating conditions of the HP 3421A. 
The status register is updated as events occur. If the SRQ mask is set for a particular condi- 
tion and that condition occurs, an interrupt will be sent to the computer. The status register 
is shown in Figure 1-3-1. 


Require Power-on Reset Data Ready 
Service Condition | Battery Occurred | Error | (switch mask only} 
(no mask) (not maskable) (not maskable} | 





Figure 1-3-1. Status Registers 


|-3-44. The status byte is an 8-bit byte that is sent from the HP 3421A to the computer in 
response to the SPOLL message. The status byte is derived from the status register and is 
used to determine the current status of the HP 3421A. The status byte is sent to the com- 
puter in decimal. Thus, bit 0 has a weight of 1, bit 1 a weight of 2, bit 3 a weight of 4, etc.. 





1-3-45. Read State Registers 


1-3-46. There are 24 registers that can be read with the ‘‘SR’’ command to determine the 
exact status of the HP 3421A. Registers 1 thru 4 are shown in Figure 1-3-2 and are the status, 
error, hardware error, and calibration error registers. These registers can be used to deter- 
mine the error state of the instrument. An explanation of Registers 3 and 4 and possible 
causes of the errors in these registers are given in Table 1-3-2. Registers 1 thru 4 are cleared 
when they are read; the others are not. Register 5 is used to determine the status of the SRQ 
mask and the rest of the registers (6 thru 24) are used to determine the current state of the 
instrument (i.e., which options are available in the instrument, the current measurement func- 
tion, etc.). Registers 5 thru 24 are shown in Figure 1-3-3. When reading any register, the 
value returned for each register is a decimal value equal to the sum of the values of the bits 
set in the registers. Use the following programs to read the registers (assuming that the HP 
3421A is at HP-IL address 901). 


a. To read the Registers 1 thru 4, use this program: 


10 OUTPUT 901 ; “SR” 
20 FOR I=1 TO 4 

30 ENTER 901; A 

40 A$ =DTBS(A) 

50 DISP A${9] 

60 NEXT | 

70 END 
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b. To read all the registers, use this program: 


10 DIM A(24) & 


20:OUFPUT. 901 5 “SR” 
30 FOR I=1 TO 24 

40 ENTER 901 ; A(1) 

50 DISP A(1) 

60 NEXT I 

70 END 


Register 1: Status Register 


por [owe [me [oe [mo [oe Tor [oe 
Always 0 5 Abnormal Low Event Self Test Power-On Data 
Condition Battery Occured | Error Reset 


Bit Value 








Register 2: Error Register 


Not Tried to Can't do Can't do Option Invalid No data Triggered 
Defined | load T3 since TOT,MH, specified Syntax ready but but FO 
May be channel channel ML,MN,DT in addressed asserted 

lord list with list is while command | to talk 


more empty battery does not 
than 30 is low exist in 
channels that slot 





Bit Value 





Register 3: Hardware Error Register 


Per [oe [oe [me [oe [wr [om [a 


RAM U503 | RAM U504 | A/D Slope ROMO ROM1 Cal RAM 
failed failed il Error checksum checksum checksum 
Error Error Error 














Bit Value 


Register 4: Calibration Error Register 



















































Not A/D Error Cal RAM Calibra- Invalid Invalid Invalid Invalid 
Defined defective tion Cal zero Cal Cal Cal 
May be attempted signal number function 
Tor dQ but not or range 


enabled 


Bit Value 





Figure 1-3-2. Status, Error, Hardware Error, and Cal Error Registers 
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Table 1-3-2. Registers 3 and 4 Description 


Description 


Cal RAM Checksum Error. 

This shows if any calibration RAM locations have incorrect checksums which can be caused 
if one or more calibration constants are missing or are invalid. If the bit is set in self test, 
it is typically caused by an uncalibrated Multiplexer/Actuator option. Perform the temperature 
calibration procedure for each option installed, as given in paragraph 1-4-59. If the bit is set 
when attempting the temperature calibration of the Multiplexer/Actuator option, continue with 
the calibration procedure, If, after calibration, the bit is still set, perform a complete instru- 
ment calibration. If after a complete calibration the bit is still set, go to Section VIII for 
troubleshooting. 


ROM1 Checksum Error. 
This shows a ROM1 (U505) checksum error. The most likely cause is a hardware failure of 
the ROM itself. Go to Section VIII for troubleshooting. 


ROMO Checksum Error. 
This shows a ROMO (U506) checksum error. The most likely cause is a hardware failure of 
the ROM itself. Go to Section VIII for troubleshooting. 


A/D Slope Error. 


| This shows an A/D slope error which can be caused by the A/D Converter itself, by an in- 
| operative reference voltage circuitry, or the input circuitry (i.e., U102, U101, or associated 
| circuitry). This failure could also cause bit 7 to set. Go to Section VIII for troubleshooting. 


Microprocessor RAM Failed. 
This bit is set, if the RAM in the CPU (U508) is defective. Go to Section Vill for troubleshooting. 


RAM U504 Failed. 
This bit is set if RAM U504 is defective. Go to Section VIII tor troubleshooting. 


RAM U503 Failed. 
This bit is set if RAM U503 is defective. Go to Section VIlIl for troubleshooting. 


10 Mohm Test Failed. 

This indicates that the 100:1 Divider |i.e., the 9.9M and 100K ohm resistors in U102) may 
be defective. This divider is only used on the 30V and 300V ranges. Since, during self test 
or at turn on, any external connections to the HP 3421A makes the divider test fail, make 
sure no external connections are made to the HP 3421A at turn on or while the self test is 
enabled. If the bit is still set with no external connections, suspect a defective U102. This 
bit may also be set if any part of the analog measurement circuitry to the 100:1 Divider is 
defective. This bit will probably be set if bit 3 (A/D Slope Error) is also set. lf both bits 3 and 
7 are set, the failure is most likely in the A/D Converter circuitry (go to Section VIII for 
troubleshooting). 
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Table 1-3-2. Registers 3 and 4 Description (Cont'd) | 


Invalid Cal Function or Range. 
This bit is set if the calibration constants cannot be calculated in the selected function and | 
range. For example, If FO (all functions off) is selected, or R-1 (.3V range) is selected with 
the HP 34214 in the F2 (ac volts) function, the bit will be set. Make sure the correct function 
and range combination is selected before attempting any calibration. 





Description 











| Invalid Cal Number. 
| This shows that an attempt was made to calibrate the HP 3421A with an incorrect calibra- 
| tion number. For example, if the number for the full scale calibration signal is NOT between 
299000 and 301000 or 099000 and 101000 for the 15 scale calibration signal, the bit will 
| be set. Make sure the calibration signal and number are at the correct values before attempt- 
ing any calibration, 









Invalid Cal Signal. 
This bit is set if an attempt is made to calibrate a function and range using the wrong calibra- 
| tion signal. For example, the bit is set if a dc volts signal is used to calibrate the ohms func- 
tion. This bit can also be set when doing the temperature calibration of the Multiplexer/Ac- | 
tuator option. This can happen if the HP 3421A is unable to receive a valid signal from the 
| temperature transducer on the option, If the bit is set during temperature calibration, make 
| sure the option’s cables, associated temperature transducer, or U102 in the HP 3421A main- 
frame are good. If the HP 3421A has an older Al Assembly with HP Part Number 
03421-66501, suspect the temperature sensor FETs in U102. 













| Invalid Cal Zero. 
| This shows that the zero calibration constant is invalid when attempting to calibrate at full 
or ¥s scale. Make sure the correct zero calibration has been performed before doing any full | 

or 1/3 scale calibration. 











| Calibration Attempted But Not Enabled. 
This shows that an attempt was made to calibrate the HP 3421A with the calibration enable 
switch set in the disable position (S501 segment #8 in the up position). Make sure the switch 
is set in the calibration enable position (down) before performing any calibration. 








| Cal RAM Defective. 
| This shows a defective calibration RAM (U502). Go to Section Vili for troubleshooting. 






|} A/D Error. 
This bit is only set when an A/D error shows up during calibration. It can be caused by the 
A/D Converter itself, an inoperative reference voltage circuitry, or the input circuitry (.i.e., 
U102, U101, or associated circuitry). Go to Section VIII for troubleshooting. 








| This bit is not defined and can be either 1 or O. 
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Register 5: Status of the SRO Mask (see SPOLL in Chapter 3) 







































Not 1=SROQ if Low 1=SRO if Self Test 1 = SRO if 1=SRQ 
Defined abnormal battery event occurs failed Power-on if data 
May be condition (always (MN,ML,MH (always reset occurs ready 

1 or 0 occurs 1) DT) 1) 





* The bits labeled as ‘‘always 1°’ are not maskable. When the event occurrs, the SRQ interrupt message will 
be sent to the controller. 


** This bit or feature is enabled/disabled by the POWER-ON SRO switch on the HP 3421A rear panel (switch 
5501, segment #3). 


Register 6: Option Boards Available 









Bit 7 Bit O 





















Always 0 












Not Slot 2 is Slot 1 is Slot O is Slot 2 is Slot 1 is slot O is 
Defined digital digital digital MUX MUX MUX 
May be option option option option option option 
Tor OQ 


Register 7: Actuator Channels Available 













































Not Not 1= = = 
Defined Defined actuator actuator actuator actuator actuator actuator 
May be May be channel channel channel channel channel channel 

1 or O 1 or O 21 20 11 01 OO 





-Register 8: Actuator Channels Closed 


























1 = actuator | = acutator 










Not Not 1 =actuator t= 
Defined Defined channel 21 actuator channel 11 actuator channel O01 actuator 
May be May be closed channel closed channel closed channel 
1 or O 1or0 20 closed 10 closed 00 closed 


Registers 9 and 1 O: Register 9 contains the channel address when a multiplexer channel is closed. 
lf channel pairs were closed, Register 10 contains the paired channel. 


Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O 


Not Defined 
May be 
1 or O 
Slot 0: 0 @) 0 0 0 0 ‘Channel 0 
Slot 1: 0 1 0 0 0 1 ‘Channel 1 
Slot 2: 1 0 0 0 1 0 ‘Channel 2 
0 0 1 1 ‘Channel 3 
0 ] 0 0 ‘Channel 4 
0 1 0 1 ‘Channel 5 
0 1 1 0 ‘Channel 6 
0 ] 1 1 ‘Channel 7 
1 0 0 0 ‘Channel & 
1 0 0 1 ‘Channel 9 
x x 1 1 1 1 -‘no channel closed 


Bit definition for Registers 9 and 10 are the same. 





Figure 1-3-3. Read State Registers 
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Registe rs 11th rough 1 6: Indicates which relay channels were closed by the UC command. & 


Register 11 



















Not 





























Not Not 1 =chan 1 =chan 1 =chan 1=chan 1=chan 
Defined Defined Defined 4 closed 3 closed ? closed 1 closed O closed 
May be May be May be 
lord 1orod Toro 

Register 12 






































Not Not Not 1=chan = chan 1=chan 1=chan 1 =chan 
Defined Defined Defined 9 closed 8 closed 7 closed 6 closed 5 closed 
May be May be May be 
1orO 1 or O 1or0 

Register 13 




































Not Not Not 1=chan 1=chan 1=chan 1 =chan 1=chan 
Defined Defined Defined 14 closed 13 closed 12 closed 11 closed 10 closed 
May be May be May be 
Toro loro 1 or O 

Register 14 












































Not Not Not 1 =chan 1 =chan 1=chan 1=chan 1 =chan 
Defined Defined Defined 19 closed 18 losed 17 closed 16 closed 15 closed 
May be May be May be 
loro lord 1orO 

Register 15 













































Not Not Not = chan 1=chan 1=chan 1=chan = chan 
Defined Defined Defined 24 closed 23 closed #2 closed 21 closed 20 closed 
May be May be May be 
1 or O 1 or 0 1-or O 


Register 16 








































Not Not Not 1=chan 1=chan 1 =chan 1=chan 1=chan 
Defined Defined Defined 29 closed 28 closed 2/ closed 26 closed 25 closed 
May be May be May be 

1 or O 1 or 0 1 or 0 


Figure 1-3-3. Read State Registers (Cont'd) 
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Operation 








Register 17: Functions 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O 
Not Not Not Not Not 
Defined Defined Defined Defined Defined 
May be May be May be May be May be 
1oro 1or0 1 or 0 1orod 1 or 0 
| 
No functions asserted: 0 0 oO 
DC Volts: 0 0 T 
AC Volts: 0 1 0 
2-Wire Ohms: O 1 1 
4-Wire Ohms: 1 0 0 
Reference Temperature: 1 0 1 
Tempererature (T-type thermocouple): 1 1 0 
Frequency: 1 1 1 
| Register 18: Ranges 
Bit / Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O 
Not Not 
Defined Defined 
May be May be 
1 or O 1or0 
Counter .1 Second O 0 0 0 O 0 NOT USED 
Gate Time 1 Second O 0 0 0 0 1 - R-1 
Codes 10 Second 1 1 0 0 1 O -RO 
0 0 1 1 -R1 Voitmeter 
0 1 0 O -R2 Range 
0 1 0 1 -R3 Codes 
0 1 1 O -R4 
0 1 1 1 -R5 
1 0 OQ O R6 
1 0 0 1 -R?7 
Register 19: Voltmeter status 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O 





1= Cal Not 1=50Hz =auto-| 1=auto- | 1=internal 
enabled Defined O=60Hz zero on | range on trigger 
May be integration O=auto| O=auto 
lord time zero off | range off 
0 O - TO (Trigger hold) 
0 1-T1 
1 0-T2 
1 1 -T3 


Register 20: Number of Digits of Resolution 





























Not Not Not Not Not Not 


Defined Defined Defined Defined Defined Defined 
May be May be May be May be May be May be 
1 or O 1or0 1 or O 1 orO 1 or QO 1 or O 


invalid: 0O 0 
52 digitres.: O 1 
4% digitres.: 1 0 
3% digitres.: 1 1 





Figure 1-3-3. Read State Registers (Contd) 
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Register 21: Channel List & 
































] =channel list is Not Not Not 1=TOT Not 
digital bits. Defined Defined Defined function Defined 
O=channel list is May be May be May be on, May be 
mux channels 1 or 0 1 or 0 1 or O Tor 0 


Register 22: Display Mode 






























Not Not Not Not Not Not 


Defined Defined Defined Defined Defined Defined Defined 
May be May be May be May be May be May be May be 
1orQ 1 or 0 1 or O 1 or 0 1orQ 1 or O 1 or 0 


Register 23: AND mask (set by AN[abc] command) 
Register 24: Exclusive-OR Mask (set by XR[abc] command) 


Figure 1-3-3. Read State Registers (Cont'd) 
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HP 3421A Operation 


HP 3421A Quick Reference Guide 


- The HP 3421A command set consists of standard commands and advanced commands. Each standard command pertorms a compiete 
measurement or function while two or more advanced commands are generally required to perform a measurement. Refer to the blue 
pages in the center of the HP 3421A Operating, Programming, and Configuration Manual for more information and program examples 
on each command. 





[ ] means optional channel or bit list 
< => means mandatory channel or bit list 


Standard Commands 


DCV Ix,y....z] DC Volts. Sets the voltmeter to OCV iF1l}, Autorange (RAI), Autozero on (Z1), 5 1/2 digits resoiution (N5). if no 
channel list is sent, the channel list is not changed but software single trigger is executed (T2). If channel list is 
sent, they are loaded in order received then a reading is made and stored from each channel in sequence (T3). DCV 
always opens the last channel before closing the next channel in the list. It exits with the last channel in the list 
closed unless no numbers were received then it exits with the channels in the same state they were in prior to the 
command. When the HP 3421A is addressed to talk, all readings will be sent in the sequence they were taken. 


ACV jx,y...-2] same as DCV but for AC Volts (F2) and 4 % digit resolution (N4). 
TWO [x.y,...21 Same as for DCV but for 2-wire Ohms (F3) measurements. 
FWO |x,y....2] Same as for DCV except for 4-wire Ohms (F4) measurements. Channels are automatically paired with x+ 10, 


y+10,...2+ 10 unless x,y,...zZ are between 20 and 29 in which case they are paired with x— 20, y — 20,...2— 20. 
Pairs are closed simultaneously. 


TEM |x,y,..-2] Same as for DCV but for temperature measurements (F6) and does a software compensated T-type thermocouple 
conversion. Result returned is in Degrees C. TEM will take a REF temperature measurement on the HP 444624 assembly 
in the lowest numbered slot if no channel numbers are sent. 


REF [x| Measures the temperature of the REFerence junction (F5) on HP 44462A assembly where channel ‘x’ is. If ‘x’ is 
not sent, then defaults to assembly where a multiplexer channel is closed. If no channel is closed, then selects HP 
44462A assembly in lowest numbered slot. Result returned in Degrees C. 


FRO {x,y,...2/ Measures FReQuency (F/) with a 1 second gate time (GO), 5 % digits resolution (N5). If no channel numbers are 
sent, the channel list is not changed and no channels are opened or closed. A software single trigger (T2) is 
executed. If channel list is sent they are loaded in the order received and a reading is made and stored from each 
channel in sequence. When addressed to talk, all readings will be sent in the sequence they were taken. 





TOT |x} TOTalizes events (F7) up to a maximum count of 65,535. If channel ‘x’ is sent, all channels will be opened before 
closing channel ‘x’. The counter will be zeroed and then starts totalizing. If ‘x’ is not sent, then the counter is zeroed 
and starts totalizing without changing channels. Channel ‘x’ will remain closed until another command opens it. 
When the HP 3421A is addressed to talk, it will send out the current subtotal without disrupting the counter. NOTE: 
if a TRIGGER command is received, the TOT is aborted and a frequency reading is made. 


CLS <x«> CLose Single channel ‘x’. The HP 34214 first identifies the type of channel at ‘x’ and then if ‘x’ is: 
an Actuator - closes channel x possible actuator channel numbers are: 00,01,10,11,20,21). 
a Digital Output Bit - closes it. 


a Multiplexer - opens all multiplexer relays and closes channel ‘x’. 


CLP <x-> CLose a Pair of channels. The HP 3421A will open all multiplexer relays and then close channeis x and «+ 10. if 
x2=20, then x and x — 20 will be closed. If either x or its pair is not a multiplexer channel, then no channels are closed 
or opened and an error is generated. 


OPN|x| Open channel(s). lf channel ‘x’ is not sent, then the OPN command will open all channels digital outputs, actuators, 
and multiplexers. If ‘x’ is sent, the HP 3421A identifies the channels and if ‘x’ is: 


an Actuator - opens it. 
a Digital Output Bit - clears bit ‘x’ 


a Multiplexer - opens it, This includes channels closed by the UC command. if ‘x’ was closed as a pair (i.e., CLPx) 
then its pair will be opened also. 


RED REaDs the digital input byte from slot i and replies with a decimal number from 0 to 255. This decimal number represents 


the values of the bits that were set. Must be an integer value. No decimal points or extra digits allowed. 


WARTi,labjc WRiTe the decimal value [ab]c to slot i. The value [ab]lc =255. If a and/or b not received then the HP 3421A assumes 
@ leading zeros. Must be an integer value. No decimal points or extra digits allowed, 





BIT <x >L,y....2] Reads the digital input bits (up to 30 in the bit list) and sends +0.000E+ 0 if the bit is low or + 1.000E+01f the 
bit is high. Invalid bit numbers are 08,09,18,19,28, and 29. Also configures for 3-digit readings. 
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HP 3421A Quick Reference Guide @ 


Advanced Commands 


- Range Codes (RA) = Autorange on, RAO = off) 


Function, Command R-1 RO Al RZ R3 A4 A5 Ab Al 
All functions 
off, FO * x x x x x x x x 
DC Volts, Fl av 3V 30V 300V — — _ _ 
AC Volts, F2 -+ 3V 30V - _ _ _ _ _ 
2-Wire Ohms, F3 — — — 3000 3kQ 3OKL S3OOki SMiu SOM 
4-Wire Ohms, F4 = —_ = 3001) 3ko) 3OkK{) 300k2) 3MaQ 3OMQ 
REFerence, F5 x x x x x x x x x 
TEMperature, F6 x x x x x x x x x 
FReQuency, F?7 Gate time: G-1 = .15, GO = 15, Gi = 105 


Voltmeter Autzero: ZO = Auto-zero off, Z1 = Auto-zero on. 
Number of digits of resolution: N3 = 3 1/2, N4 = 4 1/2, N5 = 51/2 


Trigger: TO = Hold trigger and enable channel list scan 
T1 Internal trigger 
T2 = Software single trigger 
T3 = Triggers measurements from channel list and stores readings 
DTa = Digital Trigger, does a T3 when digital input bit'a' goes low. 


AN(decimal value 0-255] ANd mask, used with MN command. 

Clcal value] Calibrate, see calibration procedure. 

DC|slot number, decimal integer value 0-255] Digital Ciear specitied output bits. 
DS|siot number, decimal integer value 0-255] Digital Set specified output bits. 


DNinumber0-29] Display Number, note: send DN alone (with terminator) to turn off mode. 





LS<channel list> Load Single channels into channel list. 

LP<channel list> Load channel Pairs into channel list. 

Midecimal integer number] Set SRQ Mask. 

MH < digital bit > Monitor digital input bit and SRO interrupt when bit goes high. Exponents illegal; ignores everything after decimal point. 
ML <digital bit > Monitor digital input bit and SROQ interrupt when bit goes low. Exponents illegal; ignores everything after decimal point. 
MN<slot number> Monitor slot and compare to AN mask and XR mask. SRQ interrupt when result = 0. Must be integer value. 
RL Read channel List. 

RS ReSet. 


Si<O or 1> SIO = Initialize channei list pointer to beginning of list. Sil = opens channel and cioses next channel in list. Must be 
an integer value. 


SR Read Status Registers. 
UC <channel number> Unconditionally Ciose specified channel. 


XRidecimal integer value 0-255] eXclusive-oR mask, used with the MN command. 
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SECTION IV 
“ PERFORMANCE VERIFICATION 
AND 
CALIBRATION 


The information in this manual is to be used by qualified service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 


The HP 3421A uses latching relays on the Multiplexer/ Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This is an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them. However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known state must be provided by the installer. 





If a Multiplexer/Actuator Assembly is installed in the HP 342/A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals, Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 


1-4-1. INTRODUCTION 


1-4-2. This section contains manual! and semiautomated performance verification and calibra- 
tion procedures for the HP 3421A. The manual performance verification Is explained first, 
followed by the manual calibration procedure. The semiautomated procedures require the 
HP 3421A Calibration and Test Tape Cartridge (HP Part Number 03421-10001, Revision 
C or higher) and are described in paragraph 1-4-67 (towards the end of the section). 


NOTE 


In the procedure, it is assumed that the interface select code is “9” 
and the device address is ‘‘01”’ (i.e., **901’’). This is typical when 
using an HP-IL interface and the HP 3421A is the first device in 
the loop. The procedures can also be used with HP-IB if the pro- 
per interface select code and device address are specified (e.g., ‘*709" 
in place of ‘‘90I’’). 





1-4-] 


Performance Verification and Calibration 


1-4-3. RECOMMENDED EQUIPMENT 


HP 3421A 


1-4-4, All recommended test equipment for the performance tests and calibration procedures 
is listed in Table 1-4-1. The equipment used for the individual tests and calibration procedures 
is also noted at the beginning of each procedure. Test equipment can be substituted if it meets 


the critical specifications listed. 


4-5. The procedures assume that the computer I/O interface is set to select code ‘*9’’. If 
the interface is HP-IB, the HP 3421A must have the HP-IB Option installed with the ad- 
dress switches set to ‘‘01’’. If the interface is HP-IL, the HP-85 will automatically assign 
address ‘‘01’’ to the HP 3421A if it is the first device in the loop. All commands in the pro- 


cedures use address ‘‘901’’ (9 + Ql). 


Table 1-4-1. Recommended Test Equipment 


Digital Voltmeter 






DC Voitage Standard 







| AC Calibrator Frequency: 


Voltage: 


| Resistance: 





Resistance Standard 


Resistance: 


Resistance: 


Resistance: 


| Resistance: 


| Resistance: 


Computer 








Function Generator | Frequency: 





Temperature Calibrator 
Board 








3421A4 Calibration 
and Test Tape Cartridge 






Diagnostic Terminal Block 
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Critical Specifications 


Range: .3V to 300V 
Accuracy: 
+ .004%(3O0V,300V) 
+ .005%(.3V,3V) 
Temperature Math Function 
Accuracy: 


Accuracy: 


Accuracy: 


Accuracy: 


Accuracy: 


Accuracy: 


Accuracy: 


Frequency Accuracy: 


TL 


Voltage: .3V to 350V 
| Short Term Stability: 
better than .0002% 


S3OHz to 1kHz 


.3V to 30V 
Voltage Accuracy: .04% 
Voltage Stability: 


+ 02% 
10002 

+ .0005 % 
1kf 

+ .0005% 
10k 

+ .001% 
100k? 

+ .001% 


TMQ 
+ .01% 


TOM? 
+ .01% 


HP-IL or HP-IB Capability 
With 1'O ROM 


10Hz to 10kHz 
005 % 


*P=Performance; C = Calibration; S=Semiautomated Test & Calibration 






| HP P/N 03421-10001 


| Recommended Model | Use* | 


HP Model 3456A 








systron Donner 
Model M107 










| Fluke 
| Model 52004 






Guideline Model: 
9330/100 Or 
| 9330A/100 








9330/1k or IS30A; 1k 





| 9330/10k 
| 9330A/10k 










9330/100k 
9330A/100k 







9330/1M 







9330/10M 









| HP Model HP-85A 







HP Model 33254 







| HP P/N 03421-65505 







03421-66504 

















HP 3421A 


1-4-6. MANUAL PERFORMANCE TESTS 


1-4-7. The performance tests check the two functional areas of the instrument: volumeter 
and counter. The voltmeter performance tests include de volts, ac volts, and ohms. The counter 
performance test checks that the counter circuitry can operate at the specified frequency limits. 


1-4-8. Each step in the performance test procedure will configure the instrument exactly as 
required for that step. None of the steps depend upon the configuration of a previous step. 
Thus, if you are interrupted while running a test, you can resume the test at any step in the 
procedure with confidence that the instrument is configured properly. 


1-4-9. VOLTMETER PERFORMANCE TESTS (MANUAL) 


1-4-10. The voltmeter performance tests verify the accuracy of the de volts, ac volts, and 
ohms functions. Each function should be tested in the order given, starting with dc volts. 
Before running any of these tests, turn the HP 3421A power on and allow at least one hour 
for warm-up. 


1-4-11. The HP 3421A is specified to operate within certain limits depending upon when 
it was last calibrated. If you are running the performance tests within 24 hours of the last 
calibration, use the 24 hour limits. Use the 90 day limits if the last calibration performed 
was longer than 24 hours, but less than 90 days. Likewise, use the | year limits if the last 
calibration performed was longer than 90 days but less than 1 year. 


1-4-12. DC Volts Test (Manual) 


1-4-13. The dc volts test limits and the instrument set-up information are listed in Table 1-4-2 
and on the dc volts test card. Each step on the test card corresponds to a step in the test 
procedure. Because of this, each step number on the test card is shown in parenthesis (e.g, 
Step #1) in the procedure. 


1-4-14. Unless otherwise specified, all test signals are applied to the HP 3421A Q/V HI and 
Q/V LO front panel terminals. As you go through the procedure, check and record the results 
on the test card, making sure that each test is within the limits specified. If any test is out 
of limits, refer to the calibration procedure (paragraph 1-4-34) before troubleshooting. 


NOTE 


An instrument can be calibrated incorrectly on one or more ranges 
and still pass the calibration RAM portion of self test in certain 
situations. That is, if the instrument has been calibrated wrong on 
a particular range, the incorrect calibration constants are used to 
calculate the calibration RAM check sum. 


4-15. Recommended Equipment. The following test equipment is recommended for the de 
volts test. 


Digital Voltmeter (HP 3456A) 
DC Volts Standard (Systron Donner Model M107) 
HP-85 Computer 
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Table 1-4-2. HP 3421A DC Volts Limits 















HP 3421A 
Set Up 


HP 3421A) 3 






471A 24 Hour Limits 
High Low 


+.000005V} -.000005V 


90 Day Limits 1 Year Limits 
High _ Low High Low 


+ .QOQOO06V} —.OOO0D06V| +.000006V|) — .COOOD6BV 






































































-0.00003V | 
-0.0003V 
-0.003V 

+ .299980V 
+0.29996V 
+0.99993V 
-0.99993V 
-2.99986V 
+2,.999B86V | 
+2.99983V) 


+0.00003V | 
+0.0003V 
+0.003V 

+ .300020V 
+0.30004V 
+ 1.00007V 
-1,00007V 
-3.00014V 
+3,00014V 
+3.00017V | 


+0,00003V 
+0.0003V 
+0.003V 

+ 300032V 
+0,.30005V 
+ 1.00010V 
— 1.00010V 
—3.00025V 
+3.00025V 
+ 3.00028V | 


—0.00003V | 
~0.0003V 
— 0.003 | 

+ 299968V 
+0.29995V 
+0,99990V 
—0.99990V 
—~2.99975V 
+2.99975V 
+2.99972V | 


—0.00003V 
—0.0003V 
—-0.003V 

+ .299936V 
+0,.29992V 
+0.99979V 
-0.99979V | 
—2,.99943V 
+2.99943V 
+2.99940V 


























+0.00003V 





+ .300064V 
+0.30008V 
+ 71.00021V 
— 1.00021V 
—-3.00057V 
+3.00057V | 
+ 3.00060V 



























+ 3.0003 | 

+3.001V 
+ 3.0006V 
+ 10.0012V 
+30.0029V | 
+ 30.0040V 
+300.030V 


+ 3.0002 | 

+3.001V 
+ 3.0005V 
+ 10.0008V 
+ 30.0018V 
+ 30.0029V 
| +300.018V 






































+2.9998V 
+2.999V 
+2.9995V 
+9.9992V 
+29.9982V 
+29.9971V 
+299. 982?\V | 


+2.9997V) 

+2.999V 
+2.9994V 

+9.9988V 
+29.9971V] 
+29.9960V | 
+299.970V | 


+3.0007V 

+3.002V 

+3.0009V 
+ 10.0023V) 
+ 30.0062 | 
+ 30.0073V 
+ 300.062V 


+2.9993V 
+2.998V | 
+2.9991V 
+9.9977V | 
+ 29.9938V 
+29.9927V | 
+299.938V | 


























4-16. DC Volts Test Procedure. Use the following procedure to test the dc volts function. 


a. Make sure the motherboard is properly grounded to the chassis. This can be done by 
either making sure the slot 0 option is secured in place, or the four hex standoffs that 
support the slot 0 option are screwed into place. Some of the first instruments manufactured 
may have round standoffs riveted to the motherboard for slot 0, rather than the screw-in 
hex standoffs. If the instrument has round standoffs, secure the motherboard to the chassis 
by using the four additional loose standoffs and the four long screws that were supplied with 
the instrument. 





b. With the HP 3421A and computer both off, connect the I/O cable (HP-IL or HP-IB). 


c. Press the HP 3421A front panel switch to on and allow at least a one hour warm-up 
time. Apply power to the HP-85. 


d. (Step #1) Disconnect all inputs to the HP 3421A and then send the RESET command 
by executing the following program line. This will cause the instrument to perform self test. 
Watch the HP 3421A display as self test is performed, making sure that no error numbers 
appear. 


OUTPUT SOL ¢ “RS” 
NOTE 
lf the HP-IB Option is installed, the HP-1B address will not 
appear in the display when the RESET command is executed. The 


HP-IB address appears in the display only at power-on, or when 
the rear panel RESET switch is pressed in and released. 





1-4-4 











HP 3421A Performance Verification and Calibration 


e. (Step #2) Short the HP 3421A 02/V HI and @/V LO front panel terminals together. 
Then take a reading on the .3V range by executing the following program: 


10 OUTPUT 901 ; ““TIFIR-1ZIN5OPN” 
20 ENTER 901; A 

30 DISP A 

40 END 


f. Check and record the reading on the test card. 


g. (Step #3, 4, and 5) Leave the input terminals shorted and repeat steps e and f for the 
3V, 30V, and 300V ranges. To do this, alter line 10 of the program in step e for the various 
ranges as follows: 


3V Range 

10 OUTPUT 901 ; **TIFIROZINSOPN”’ 
30V Range 

10 OUTPUT 901 ; “*TIFIRIZINSOPN”’ 


300V Range 
10 OUTPUT 901 ; “TIFIRZZINSOPN” 


h. If any reading on the 3V, 30V, or 300V range is out of the specified limits, refer to 
the calibration procedure (paragraph 1-4-34). 


i. Remove the short from the HP 3421A input terminals. 
j. Set the de standard for an output of 0.000000V. 


k. Connect the HP 3421A to the digital voltmeter and the de standard as shown in Figure 


i-4-]. 


To prevent overloading the instrument or damage from swit- 
ching transients, always uprange the HP 34217A before uprang- 
ing the dc volts standard and always downrange the dc volts 
standard before downranging the Model 3427A. 


i. Set the de volts standard for an output of .300000V, as displayed on the HP 3456A. 
Then take a reading by executing the following program: 


10 OUTPUT 901 ; “*TIFIR-1ZINSOPN” 
20 ENTER 901; A 

30 DISP A 

40 END 
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DOC STANDARD & 
SYSTRON DONNER MODEL MLOTA 
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DUTPUT 








hp 85A CONTROLLER 





SENSE 
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a " = 
se 
ie 
ae DIGITAL VOLTMETER 
hp 3456A 
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Figure 1-4-1. DC Volts Accuracy Test 


m. (Step #6) Check and record the reading. 


n. (Step #7) Leave the de standard set to .300000V and take another reading on the 3V 
range by executing the following program. Check and record the reading. 





10 OUTPUT 901 ; “‘TIFIROZINSOPN’’ 
20 ENTER 901; A 

30 DISP A 

40 END 


o. (Step #8) Set the de volts standard for an output of 1.00000V and then run the 
program from step n again. Check and record the reading. 


p. (Step #9) Apply —1V to the HP 3421A by reversing the input leads, and then again 
run the program from step n. Check and record the reading. 


q. (Step #10) Leave the input leads to the HP 3421A reversed and set the dc volts stan- 
dard for a 3.00000V output (—3V input to the HP 3421A). Again run the program from 
step n. Check and record the reading. 


r. (Step #11) Apply +3V to the HP 3421A by reversing the input leads. Run the program 
from step n once again. Check and record the reading. 


s. (Step #12) With 3V applied to the HP 3421A, turn the autozero function off and take 
another reading by running the following program. Check and record the reading. 


10 OUTPUT 901 ; ‘*TIFIROZONSOPN’’ 
20 ENTER 901; A 

30 DISP A 

40 END 
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t. (Step #13) With 3V applied to the HP 34214, select the 4 digit mode and take another 
reading by running the following program. Check and record the reading. 


10 OUTPUT 901 ; “TIFIROZIN4OPN” 
20 ENTER 901; A 

30 DISP A 

40 END 


u. (Step #14) With 3V applied to the HP 3421A, take a reading in the 3 digit mode. To 
do this, run the program from step t but modify line 10 as follows. Check and record the 
reading. 


10 OUTPUT 901 ; “TIFIROZIN3OPN” 


v. (Step #15) This step checks the HP 3421A at 1/10 scale readings on the 30V range. 
To do this, make sure the dc volts standard is set to 3V and take a reading on the 30V range 
by running the following program. Check and record the reading. 


10 OUTPUT 901 ; “STIFIRIZINSOPN” 
20 ENTER 901; A 
30 DISP A 
40 END 
w. (Step #16 and 17) This step checks the HP 3421A at ‘4 and full scale readings on the 
30V range. To do this, first set the dc standard to 10.0000V and run the program from step 


v again. Check and record the reading. Then change the de volts standard to 30,0000V and 
once again run the program from step v. Check and record the reading. 


x. (Step #18) With 30V applied to the HP 3421A, take a reading with autozero off by 
running the program from step v with the following modification to line 10. Check and record 


the reading. 


10 OUTPUT 901 ; “*TIFIRIZONSOPN” 


y. (Step #19) This step checks for full scale accuracy on the 300V range. Do the following: 
1. Set the HP 3421A to the 300V range by executing the following program line: 
OUTPUT 901 ; ““TIFIR2ZINS5OPN” 
2. Set the de volts standard to a 300.000V output. 
3. Take the full scale reading by executing the following program: 
10 ENTER 901; A 
20 DISP A 
30 END 


4. Check and record the reading. 
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z. (Step #20) Turn the output of the de volts standard off. After the de volts standard 
output 1s turned off, observe the following warning and then disconnect the de volts stan- ¢ 
dard and the digital voltmeter from the HP 3421A. 


if you have a Systron Donner Model M107 as your dc voits stan- 
dard, verify that the red “STANDBY” LED is lit. If you are using 
any other instrument as a dc volts standard, either ensure that the 
output is off according to the owner’s manual or set the output to 
0 volts before continuing. 


aa. (Step #21) This step checks the dc common mode rejection. To run this test, the HP 
3421A must be powered from the ac line and the de volts standard must have the low side 
of its output connected to earth ground. Do the following: 
1. Set the HP 3421A to the .3V range by executing the following program line: 


OUTPUT 901 ; ‘*TIFIR-1IZINSOPN”’ 


2. Connect a 1 k? resistor (1/8W, 10%) between the HP 3421A Q2/V HI and Q/V LO 
front panel terminals. 


3. Take a reading by running the following program. Note the reading and write it down 
for future reference. 





10 ENTER 901; A 
20 DISP A 
30 END 


4. With the output of the de volts standard turned off, connect the standard to the 
HP 3421A as shown in Figure 1-4-2. 


5. Set the de volts standard for an output of 350V and then turn its output on. 


6. Take a reading by running the following program: 


10 OUTPUT 90] ; ““TIFIR-1ZINSOPN’’ 
20 ENTER 901; A 

30 DISP A 

40 END 


7. Make sure the reading is within .00004V of the reading noted in step 3. 


bb. Set the output of the dc volts standard to OV and then disconnect it from the HP 
3421A. This completes the de volts test. If any test point was out of limits, refer to the calibra- 
tion procedure (paragraph 1-4-34). If it still fails after being calibrated, refer to Section VIII 
of this chapter for troubleshooting. > 
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Figure 1-4-2. DC Common Mode Rejection Test 


1-4-17. AC Volts Test (Manual) 


]-4-18. The ac volts test limits are printed on the ac volts test card and in Table 1-4-3. Each 
step on the test card corresponds to a step in the procedure. The step number on the test 
card is shown in parenthesis in the procedure (e.g., Step #1). 





Table 1-4-3. AC Volts Test Limits 


HP 3421A 24 Hr Limits 90 Day Limits i Yr Limits 
Range High Low High Low High 
3V 





1-4-19. Recommended Equipment. The following test equipment is recommended for the 
ac volts test. 


HP-85 Computer 
AC Calibrator (Fluke Model 5200A) 
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1-4-20. AC Volts Test Procedure. Before performing the ac volts performance test, make 

sure the dc volts test has been completed and the results are within the limits specified. Also © 
make sure the HP 3421A has been warmed up for at least one hour. To perform the ac volts 

test, do the following: 


a. Make sure the motherboard is properly grounded to the chassis. This can be done by 
either making sure the slot 0 option is secured in place, or the four hex standoffs that 
support the slot 0 option are screwed into place. Some of the first instruments manufactured 
may have round standoffs riveted to the motherboard for slot 0, rather than the screw-in 
hex standoffs. If the instrument has round standoffs, secure the motherboard to the chassis 
by using the four additional loose standoffs and the four long screws that were supplied with 
the instrument. 


b. With the HP 3421A and computer both off, connect the 1/O cable (HP-IL or HP-IB). 


c. (Step #1) Disconnect all inputs to the HP 3421A and then send the RESET command 
by executing the following program line. This will cause the instrument to perform self test. 
Watch the HP 3421A display as self test is performed, making sure that no error numbers 
appear. 


OUTPUT 901 = “RS” 
NOTE 
If the HP-IB Option is installed, the HP-iB address will not 
appear in the display when the RESET command is executed. The 


HP-IB address appears in the display only at power-on, or when 
the rear panel RESET switch is pressed in and released. 





d. (Step #2) Apply a .3000V RMS 30Hz signal to the HP 3421A 02/V HI and Q/V LO 
front panel terminals. Then take a reading on the 3V range by running the following pro- 
gram. Check and record the reading. 


10 OUTPUT 901 ; **TIF2ROZIN40PN”’ 
20 ENTER 901; A 

30 DISP A 

40 END 


e. (Step #3) Change the input signal to .3000V RMS 45Hz and take a reading by running 
the program from step d. Check and record the reading. 


f. (Step #4) Change the input signal to .3000V RMS 500Hz and take a reading by running 
the program from step d. Check and record the reading. 


g. (Step #5) Change the input signal to .3000V RMS 1kHz and take a reading by running 
the program from step d. Check and record the reading. 


h. (Step #6) Change the input signal to 2.9000V RMS 30Hz and take a reading on the 
3V range by running the program from step d. Check and record the reading. 
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i. (Step #7) Change the input signal to 2.900V RMS 45Hz and take a reading by running 
* the program from step d. Check and record the reading. 


j. (Step #8) Change the input signal to 2.900V RMS 500Hz and take a reading by running 
the program from step d. Check and record the reading. 


k. (Step #9) Change the input signal to 2.900V RMS IkHz and take a reading by running 
the program from step d. Check and record the reading. 


|. (Step #10) Change the input signal to 29.000V RMS 30Hz and take a reading on the 
30V range by running the following program. Check and record the reading. 


10 OUTPUT 901 “*TIF2RIZIN40PN”’ 
20 ENTER 901; A 

30 DISP A 

40 END 


m. (Step #11) Change the input signal to 29.000V RMS 45Hz and take a reading by 
running the program from step |. Check and record the reading. 


n. (Step #12) Change the input signal to 29.000V RMS 500Hz and take a reading by 
running the program from step |. Check and record the reading. 


o. (Step #13) Change the input signal to 29.000V RMS 1kHz and take a reading by 
running the program from step 1. Check and record the reading. 





p. This completes the ac volts test. If any test was out of the specified limits, try calibrating 
the instrument for ac volts before troubleshooting (see paragraph 1-4-34). 


1-4-21. Ohms Test (Manual) 


1-4-22. The HP 3421A has two ohms functions (2-wire and 4-wire), but only one set of ohms 
limits. The instrument is calibrated at the factory for 4-wire ohms. If your application in- 
volves 2-wire ohms measurements, calibrate for 2-wire ohms before running the ohms test. 
Use the same leads to calibrate that will be used for the 2-wire ohms test. This is necessary 
because of the different impedances that exist between leads. When the instrument is calibrated 
for 4-wire ohms, lead impedance is compensated for, resulting in different ohms calibration 
constants than those used for the 2-wire ohms function. Thus, if the instrument is calibrated 
for 4-wire ohms and you perform the 2-wire ohms procedure, or vice versa, the results may 
be out of the specified limits. 


1-4-23. The ohms function can be tested using either full scale or 3 scale inputs (e.g., 3k? 
or 1kQ resistors to check the 3k range). Both of these test limits are given in Table 1-4-4 
and on the ohms performance test card. The test step numbers shown in parentheses on the 
test card are for the 1/3 scale tests. 


1-4-24. It is preferable to make full scale measurements when running the ohms test. However, 
if you do not have enough precision resistors to do this, it is permissible to make 1/3 scale 
readings. For example, on the 300 ohm range you can use a single 1000 precision resistor 
and make a % scale reading instead of connecting three 1000 resistors in series for a full 
scale reading. 
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Table 1-4-4. Ohms Test Limits 


HP 3421A | HP 3421A 24 Hr Limits 90 Day Limits 1 Year Limits = 
Input Range High Low High Low High Low 






























































































































—.005 + 006 — .006 + O06 — 006 

— 03 + .Q3 — 03 + 03 —,03 

-.3 +.3 a +.3 a 

-3 +3 -3 +3 -3 

—~ 30) + 30 — 30 + 30 30 

+ 300 — 300 + 300 - 300 + 300 - 300 
300.019 299.981 300.042 299.958 300.057 299,943 
100.01 99.99 100.018 99.982 100.023 99.977 
3000.14 2999.86 3000.36 2999.64 3000.51 2999.49 
1000.07 999.93 1000.14 999.86 1000.19 999.81 
30001.4 29998.6 30003.6 29996.4 30005.1 29994.9 
10000.7 9999.3 10001.4 9998.6 10001.9 9998.1 
300014 299986 300036 299964 300051 299949 
100007 99993 100014 99986 100019 99981 
3000330 2999670 3000450 2999550 3000570 2999430 
1000130 999870 1000170 999830 1000210 999790 
29972100 30032300 29967700 30034800 29965200 

10009500 9990500 10011000 9989000 10011800 9988200 


1-4-25. Recommended Equipment. The following equipment is recommended to run the ohms 
test. 


HP-85 Computer 

100Q + .0005% (Guildline Model 9330/100 or 9330A/100) 
1kQ +.0005%  (Guildline Model 9330/1k or 9330A/1k) 
1OkQ +.001%  (Guildline Model 9330/10k or 9330A/10k) 
100kKQ +.001% (Guildline Model 9330/100k or 9330A/100k) 
IMQ + .002%  (Guildline Model 9330/1M) 

1lOMQ +.01%  (Guildline Model 9330/10M) 





1-4-26. Ohms Test Procedure. Make sure the HP 3421A de volts test has been performed 
and has passed before doing the ohms test. Also make sure the HP 3421A has been warmed 
up for at least one hour before running the ohms test. 


1-4-27. When performing the ohms test, the test leads that connect to the standard resistance 
should be as short as possible. Long leads can pick up noise, which could give an invalid 
reading. 


1-4-28. If the HP 3421A is to be tested for 2-wire ohms, make sure the instrument has been 
calibrated for 2-wire ohms. If it is to be tested for 4-wire ohms, make sure it is calibrated 
for 4-wire ohms. The instrument is calibrated at the factory for 4-wire ohms. For the 2-wire 
ohms test, all test resistors are applied across the HP 3421A 0/V HI and Q/V LO front panel 
terminals using the same test leads that were used for calibration. For the 4-wire ohms test, 
the HP 3421A input terminals should be configured as shown in Figure 1-4-3 for shorted 
inputs, and as shown in Figure 1-4-4 for resistance measurements. 


Gee 


HI LO a/V¥ O/V 
MmSENSE HI LO 





Figure 1-4-3. 4-wire Ohms Test Connection 
(Shorted Inputs) 
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HI LO na/V OSV 
MSENSE HI LO 


3421 5 4-4 





Figure 1-4-4. 4-wire Ohms Test Connection 
(Resistance Measurements) 


1-4-29. To run the ohms test, do the following: 


a. Make sure the motherboard is properly grounded to the chassis. This can be done by 
either making sure the slot 0 option is secured in place, or the four hex standoffs that 
support the slot 0 option are screwed into place. Some of the first instruments manufactured 
may have round standoffs riveted to the motherboard for slot 0, rather than the screw-in 
hex standoffs. If the instrument has round standoffs, secure the motherboard to the chassis 
by using the four additional loose standoffs and the four long screws that were supplied with 
the instrument. 


b. With the power off on both the HP-85 and HP 3421A, connect the I/O cable (HP-IL or 
HP-IB) from the HP-85 to the HP 3421A. 


c. Press the HP 3421A front panel switch to on and allow at least a one hour warm-up time. 





d. (Step #1) Disconnect all inputs to the HP 3421A and then send the RESET command 
to the HP 3421A by executing the following program line. This will cause the instrument to 
perform self test. Watch the HP 3421A display as self test is performed, making sure that 
no error numbers appear. 


OUTPUT 901 ; “RS 
NOTE 


If the HP-IB Option is installed, the HP-IB address will not 
appear in the display when the RESET command is executed. The 
HP-IB address appears in the display only at power-on, or when 
the rear panel RESET switch is pressed in and released. 


e. (Step #2) If you are testing the 2-wire ohms function, short the Q/V HI and 02/V LO 
input terminals at the end of the test leads that were used for calibration. If you are testing 
the 4-wire ohms function, short the SENSE and INPUT terminals as shown in Figure 1-4-3. 
Then, configure the 3000 range for the appropriate 2-wire ohms or 4-wire ohms function 
and take a reading by running one of the following programs. Check and record the reading 
on the performance test card. 


2-wire ohms 


10 OUTPUT 901 ; ““TIF3R2ZZINS5OPN’’ 
20 ENTER 901; A 

30 DISP A 

40 END 
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4-wire ohms 


10 OUTPUT 901 ; **TIF4R2ZINSOPN” & 
20 ENTER 901 ; A 

30 DISP A 

40 END 


t. (Step #3, 4, 5, 6, and 7) Leave the HP 3421A input terminals shorted and then take 
a reading on the 3kQ, 30kQ, 300k2, 3MQ, and 30MQ ranges by modifying line 10 of one 
of the preceding programs from step e as follows: 


2-wire ohms 


3kQ OUTPUT 901 ; **TIF3R3ZINSOPN”’ 
30kQ. OUTPUT 901 ; ‘*TIF3R4Z1NS5OPN’”’ 
300kQ. OUTPUT 901 ; ‘STIF3RSZINSOPN”’ 
3M? OUTPUT 901 ; “*TIF3R6Z1INSOPN’”’ 
30MQ OUTPUT 901 ; ““TIF3R7ZINSOPN’”’ 


4-wire ohms 


3kQ OUTPUT 901 ; *“*TIF4R3ZINSOPN’’ 
30kQ) OUTPUT 901 ; ““TIF4R4Z1IN50OPN’’ 
300kQ OUTPUT 901 ; “*TIF4RS5ZINSOPN’”’ 
3MQ OUTPUT 901 ; ‘‘TIF4R6ZINSOPN”’ 
30MQ OUTPUT 901 ; ‘“STIF4R7ZINSOPN”’ 





zx. Check and record the readings from step f. If any reading is out of the specified limits, 
perform the ohms calibration procedure (see paragraph 1-4-34). 


h. (Step 8) Remove the short from the HP 3421A input terminals and then connect either 
three 100Q standard resistors in series, or a single 10022 resistor across the input terminals 
(see paragraphs 1-4-23 and 1-4-24). If the 2-wire ohms function is to be checked, connect 
the resistor(s) across the Q/V HI and 2/V LO input terminals at the end of the leads to be 
used. If the 4-wire ohms function is to be checked, connect the resistor(s) as shown in Figure 
1-4-4. Then do the following: 


1. Take a reading on the 3000 range by running one of the following programs: 


2-wire ohms 


10 OUTPUT 901 ; *“TIF3R2ZIN50PN”’ 
20 ENTER 901; A 

30 DISP A 

40 END 


4-wire ohms 


10 OUTPUT 901 ; “*TIF4R2ZINSOPN” 
20 ENTER 901; A 

30 DISP A 

40 END 





2. Check and record the reading. 
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i. (Step #9 through 13) Check the 3kQ, 30kQ, 300kK{22, 3MQ, and 30M?) ranges by connect- 

. ing the appropriate standard resistances to the input terminals for either the 2-wire ohms 
or 4-wire ohms functions. Then modify one of the programs in the preceding step to reflect 

the appropriate range. The various ranges are selected by the following commands: 

R3 = 3kQ; R4 = 30kQ; RS = 300kQ2; R6 = 3MQ; R7 = 30M). Check and record the readings. 


j. This completes the ohms test. If any range fails, try calibrating the instrument (see 
paragraph 1-4-34). If a range fails after it is calibrated, refer to Section VIII for 
troubleshooting. 


NOTE 


[f the exact value of the standard resistance is known to be slightly 
different than the “3 or full scale inputs listed on the test card, alter 
the high and low limits accordingly. Example: if the standard 
resistance is known to be exactly 300.025Q when testing the 300 ohm 
range, the high limit becomes 300.0440 (300.025 + .019) and the 
low limit becomes 299.9900 (299.971 + .0O79). 


1-4-30. Counter Test (Manual) 


1-4-31. This test verifies that the counter circuitry will respond to frequencies as low as 
10 Hz, and as high as 10 kHz. The counter circuitry cannot be calibrated. 


1-4-32. Recommended Equipment. The following equipment is recommended to run the 
counter test. 





HP-85 Computer 
HP Model 3325A Function Generator 


1-4-33. Counter Test Procedure. To perform the counter test, do the following. 


a. Make sure the motherboard is properly grounded to the chassis. This can be done by 
either making sure the slot 0 option is secured in place, or the four hex standoffs that 
support the slot 0 option are screwed into place. Some of the first instruments manufactured 
may have round standoffs riveted to the motherboard for slot 0, rather than the screw-in 
hex standoffs. If the instrument has round standoffs, secure the motherboard to the chassis 
by using the four additional loose standoffs and the four long screws that were supplied with 
the instrument. 


b. With the power off on both the HP-85 and HP 3421A, connect the [/O cable (HP-IL 
or HP-IB) from the HP-85 to the HP 3421A. 


c. Press the HP 3421A front panel switch to on and allow at least a one hour warm-up time. 


d. (Step #1) Disconnect all inputs to the HP 3421A and then send the RESET command 
to the HP 3421A by executing the following program line. This will cause the instrument to 
perform self test. Watch the HP 3421A display as self test is performed, making sure that 
no error numbers appear. 





OUTPUT 901 ; “*RS” 
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NOTE 


lf the HP-IB Option is installed, the HP-IB address will not 
appear in the display when the RESET command is executed. The 
HP-IB address appears in the display only at power-on, or when 
the rear panel RESET switch is pressed in and released. 
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e. Connect the output of the HP 3325A to the HP 3421A 0/V HI and QV LO front panel 
terminals. Set the HP 3325A output to approximately 5V RMS and a frequency of exactly 


10 Hz. 


f. (Step #2) Take a reading by running the following program. Check and record the reading. 
It should be 10 +.1Hz. 


10 OUTPUT 901 ; “*TIF7GINSRAIOPN’’ 
20 ENTER 901; A 

30 DISP A 

40 END 


g. Change the output of the HP 3325A to exactly 10 kHz at approximately 5V RMS. 


h. (Step #3) Take a reading by running the program from step f with line 10 modified 
as Shown. Check and record the reading. It should be 1000 +6Hz. 


10 OUTPUT 901 ; ‘“*TIF7GONSRAIOPN”’ 2 





1. This completes the counter test. Since the counter circuitry cannot be calibrated, it will 
be necessary to troubleshoot this circuitry if it was out of the specified limits. See Section 


VIII for troubleshooting information. 
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* PERFORMANCE TEST CARD 


24 HOUR LIMITS 
Hewlett-Packard Model 3421A Test Performed By. 
Data Acquisition and Control Unit Date 


Serial Number_ Reference Temperature 


Date of Last Calibration ee 











DC Volts Test 
HP 3421A High Low Test 
Step # Input Set-Up Limit Reading Limit Fail 
1 Open RESET 
2 Short .3V Range + OOOOOS5SV — .0OOO05V 
3 Short 3V Range + .0O0003V .OO003V 
4 Short 30V Range + OO3V — .0O03V 
5 Short 300V Range + OO3SV — .0O03V a 
6 +.3V .3V Range + ,300020V + 299980V 
7 +.3V 3V Range + .30004V Se + 29996V 
8 +1V 3V Range + 1.00007V +.99993V ae _ 
9 -1¥V 3V Range 1. 00007V — ,99993V = 
10 -3V 3V Range ~3.00014V 2.99986V 
11 +3V 3V Range +3.00014V +2.99986V = 
12 + 3V Autozero Off + 3.00017V _ + 2,.99983V 
13 + 3V 4 % Digit + 3.0002V + 2,.9998V 
14 + 3V 3 % Digit +3.001V +2.999V 7 
15 +3V 30V Range + 3.0005V +2.9995V 
16 + 10V 30V Range + 10.0008V a +9.9992V os 
17 + 30V 30V Range + 30.001B8V + 29.9982V 
18 + 30V Autozero Off + 30.0029V 2. +29.9971V 
19 + 300V 300V Range +300.018V ee + 299.982V 
20 Open 
21 See Below CMR Test (1) 


1. Connect a 1 kil resistor between the HP 34217A {h/V HI and {2/V LO front panei terminais. 


Take a reading. 


* © 


(2). 


CMR Test 


Apply 350V DC between earth ground and the {2/V HI terminal. 
The HP 3421A reading should now be within .0OOO4V of the reading in step 2. 
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PERFORMANCE TEST CARD 


HP 3421A 





90 DAY LIMITS 
Hewlett-Packard Model 3421A Test Performed By _ 
Data Acquisition and Control Unit Date 
Serial Number _ Reference Temperature ee 
Date of Last Calibration 
DC Volts Test 
HP J421A High Low Test Test 
Step # Input Set-Up Limit Reading Limit Pass Fail 
1 Open RESET 
2 Short .3V Range + .QOOOOBV — .OOOOOBV 
3 short 3V Range + .0O0003V eee — .Q00003V = 
4 Short 30V Range + .OOO3V - OOO3SV 
5 Short 300V Range + O0O3V 2 — 003V a 
6 + .3V .3V Range + g00032V — + 299968V 
7 +-.3V 3V Range + .30005V ae + .29995V 
8 +1V 3V Range + 1.00010V + .99990V __- 
9 -1¥V 3V Range ~ 1.00010V 99990V 
10 3V 3V Range - 3.00025V -2.99975V 
11 +3V 3V Range + 3.00025V + 2.99975V — 
12 + 3V Autozero Off + 3.00028V +2.99972V ——— 
13 + 3V 4 % Digit + 3.0003V +2.9997V 
14 +3V 3 % Digit +3.001V + 2.999V — a 
15 +3V 3OV Range + 3.0006V +2.9994V a 
16 + 10V 30V Range + 10.0012V +9.9988V 
17 + 30V 30V Range + 30.0029V a +29.9971V 
18 + 30V Autozero Off + 30.0040V +29.9960V 
19 + 300V 300V Range + 300.030V + 299.970V = 
20 Open 
21 See Below CMR Test iT hess 
ia} = 
CMR Test 


Take a reading. 


S 


1-4-18 


Connect a 1 kfl resistor between the HP 3421A {1/V HI and Q/V LO front panei terminais. 


Apply 350V DC between earth ground and the 0/V HI terminal. 
The HP 3421A reading should now be within .QOOO4V of the reading in step 2. 














HP 34214 


Hewlett-Packard Modei 3421A 
Data Acquisition and Control Unit 


Serial Number__ ea 


1 YEAR LIMITS 


PERFORMANCE TEST CARD 


Test Performed By 


Date 


Performance Verification and Calibration 


Reference Temperature 


Date of Last Calibration_ 





DC Volts Test 
HP 3421A High Low Test Test 
Step # Input Set-Up Limit Heading Limit Pass Fail 

1 Open RESET 

2 short .3V Range + .0OO006V -— 000006V _ 

3 Short 3V Range + .OOOO3SV _ -~ .QOOO3V — 

4 Short 30V Range + .QOO3SV — .0003V a 

5 Short 300V Range + .OO3V — .0O3SV 

6 + .3V .3V Range + 300064V 2 + .299936V = 

7 + .3V 3V Range + .30008V + .29992V ss 

s: + 1¥V 3V Range + 1.00021¥V + .S9979V 

9 ~1¥ 3V Range —~ 1,.00021V — .99979V 
10 -3V 3V Range —3.00057V 2.99943V a 
11 +3V 3V Range +3.00057V ee + 2.99943V _ = 
12 +3V Autozero Off + 3.00060V +2.99940V 
13 +3V 4 ‘2 Digit + 3.0007V +2.9993V = 
14 +3V 3 % Digit + 3.002V +2.998V ee oan 
15 +3V 30V Range + 3.0009V + 2.9991V = 
16 + 10V 30V Range + 10.0023V +9.9977V 
17 + 30V 30V Range + 30.0062V + 29.9938V See 
18 + 30V Autozero Off + 30.0073V +29.9927V = 
19 + 300V 300V Range + 300.062V +299.938V eee 
20 Open 
21 See Below CMR Test iV) 

a = 
CMR Test 


all 


Take a reading. 


eo 


Apply 350V DC between earth ground and the {2/V HI terminal. 
The HP 3421A reading should now be within .OOO04V of the reading in step 2. 


_ Connect a 1 kil resistor between the HP 3421A Q/V HI and 22/V LO front panel terminals, 
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PERFORMANCE TEST CARD @ 
24 HOUR LIMITS 
Hewlett-Packard Modei 34271A Test Performed By 
Data Acquisition and Control Unit Date 
Serial Number Reference Temperature 


Date of Last Calibration 








AC Voits Test 
HP 3421A High Low Test Test 
Step¥ Input Set-Up Limit Reading Limit Pass Fail 
Open RESET 
.3V 30Hz ACV S062V Se 2938V oe 
3V Range 
.3V 45Hz 3047V .2953V — 7 
.3V 500Hz 3047V a .2953V ee 
.3V 1kHz .J062V eet .2938V ee es 
2.9V 30Hz 2.9296V ——<——— 2.8704V 
2.9V 45Hz 2.9151V ee 2.8849V eee = 
2.9V 500 Hz 2.9151V ee 2.8849V 
2.9V 1kHz 2.9256V ee 2.8704V ne eee Sie sates 
29V 30Hz ACV 29.301V Se 28.699V 
30V Range 
29V 45Hz 29.156V 5 ee 28.844V a 
29V 500Hz 29.156V a 28.844V =r ane, 
29V 1kHz 29.301V as 28.699V 
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HP 3421A 


EE rere 


Hewlett-Packard Modei 3421A 


Data Acquisition and Control Unit 


Serial Number 


AC Volts Test 
HP 3421A 
Step# Input Set-Up 
1 Open RESET 
2 .3V 30Hz ACV 
3V Range 
3 .3V 45Hz 
“ .3V 500Hz 
5 .3V 1kHz 
6 2.9V 30Hz 
i 2.9V 45Hz 
8 2.9V 5OOHz 
9 2,.9V 1kHz 
10 29V 30Hz ACV 
30V Range 
11 29V 45Hz 
12 29V 500Hz 
13 29V 1kHz 


Performance Verification and Calibration 


PERFORMANCE TEST CARD 


90 DAY LIMITS 


High 
Limit 


J080V 


SJ065V 
.J065V 
.3080V 
2.9340V 
2.9195V 
2.9195V 
2.9340V 


29.350V 


29.205V 
29.205V 


29.350V 


Test Performed By_ 
Date 


Reference Temperature 


Date of Last Calibration 


Low Test Test 
Reading Limit Pass Fail 


.2920V 


2935V 
,2935V 
.2920V = — —— 

2.8660V 

2.6805V 

2.8805V — 

2.8660V 


28.650V 


28.795V 
28./795V 


28.650V 
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HP 3421A 


PERFORMANCE TEST CARD 


1 YEAR LIMITS 


Hewlett-Packard Model 34214 Test Performed By. 


Data Acquisition and Control Unit Date 


Serial Number _ 





Reference Temperature . 


Date of Last Calibration 





AC Volts Test 
HP 3421A High Low Test Test 
Step# Input Set-Up Limit Limit Pass Fail 
1 Open RESET 
2 .3V 30Hz ACV 3230V 2770V _ 
3V Range 
3 .3V 45Hz .3215V .2785V 
+ .3V 500Hz 215V 2785V = 
5 SV TkHz .3230V 27 70V sees 
6 2.9V 30Hz 2.9490V 2.8510V 
7 2.9V 45Hz 2.9345V 2.8655V So 
8 2.9V 500Hz 2.9345V 2.8655V oe 
g 2.9V 1kHz 2.9490V 2.8510V a 
10 29V 30Hz ACV 29.490V 28,.510V 
30V Range 
11 29V 45Hz 29.345V 28.655V se 
12 29V 500Hz 29.345V 28.655V — 
13 29V 1kHz 29.490V 28.510V 
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& PERFORMANCE TEST CARD 
24 HOUR LIMITS 


Hewlett-Packard Model 3421A Test Performed By 


Data Acquisition and Control Unit Date 
Serial Number Reference Temperature 


Date of Last Calibration 











OHMS Test 
HP 3421A High Low Test Test 
Step# Input Set-Up Limit Reading Limit Pass Fail 
1 Open RESET 
2 Short 300 Range (R2) +.005 ~ 005 
3 Short 3k Range (R3) + .03 —- 03 = _ 
4 Short 30k Range (R4) +.3 -.3 
5 Short 300k Range (R5) +3 +3 
6 Short 3M Range (R6) + 30 - 30 ee 
i Short 30M Range (R7/) + 300 300 
8 300 300 Range (R2) + 300.019 + 299.971 
(B) 100 + 100.01 +99.99 
3 3k 3k Range (R3) + 3000.14 + 2999.86 
(9) 1k + 1000.07 +999.93 
10 30k 30k Range (R4) + 30001.4 + 29998.6 
(10) 10k + 10000.7 +9999.3 
11 300k 300k Range (R5) + 300014 + 299986 oa 
(11) 100k + 100007 + 99993 = 
12 3M 3M Range (R6j + 3000330 + 2999670 
(12) 1M + 1000130 + 999870 ae 
13 30M 30M Range (R7} + 30027900 + 29972100 
(13) 10M + 10009500 +9990500 
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PERFORMANCE TEST CARD 
90 DAY LIMITS 
Hewlett-Packard Model 34214 Test Performed By 
Data Acquisition and Control Unit Date 
Serial Number Reference Temperature 
Date of Last Calibration : 
OHMS Test 
HP 3421A High Low Test Test 
Step? Input Set-Up Limit Reading Limit Pass Fail 
1 Open RESET 
2 Short 300 Range (R2) + .006 a ~ 006 2 = 
3 Short 3k Range (R3) + 03 ee —.03 a —_ 
4 Short 30k Range (R4) +33 et id 
5 Short 300k Range (R5) +3 -3 
6 Short 3M Range (R6) +30 — 30 5 
7 Short 30M Range (R7) + 300 300 _ — 
8 300 300 Range (R2) + 300.042 - re + 299.958 
(B) 100 + 100.018 +99.982 a 
9 3k 3k Range (R3) + 3000.36 nae + 2999.64 es me 
(9) 1k + 1000.14 : + 999.86 ee ee 
10 30k 30k Range (R4) + 30003.6 + 29996.4 ee 
(10) 10k + 10001.4 ee + 9998.6 = : 
11 300k 300k Range iR5) + 300036 a — + 299964 _ —aa 
(11) 100k + 100014 + 99986 
12 3M 3M Range (R6) + 3000450 + 2999550 
(12) 1M + 1000170 re + 999830 a= 
13 30M 30M Range (R77) + 30032300 + 29967700 a 
(13) 10M + 10011000 + 9989000 tee _ = 
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HP 3421A 


Hewiett-Packard Modei 34214 


Data Acquisition and Control Unit 


Serial Number 
OHMS Test 
HP 3421A 
Step# Input 
1 Open 
2 short 
3 short 
4 Short 
5 Short 
6 short 
7 Short 
8 300 
(B) 100 
3 3k 
(9) 1k 
10 30k 
(10) 10k 
11 300k 
(11) 100k 
12 3M 
(12) 1M 
13 30M 
(13) 10M 


Set-Up 


RESET 

300 Range (R2) 
3k Range (R3) 
30k Range (R4) 
300k Range (R5) 
3M Range (R6) 
30M Range (R7) 


300 Range (R2) 


3k Range (R3) 


30k Range (R4} 


300k Range (R5) 


3M Range (R6) 


30M Range (R7} 


PERFORMANCE TEST CARD 


1 YEAR LIMITS 


High 
Limit Reading 


+ .006 
+ .03 
$53 
+3 
+ 30 
+ 300 
+ 300.057 
+ 100.023 
+ 3000.51 
+ 1000.19 
+ 30005. 1 
+ 10001.9 
+ 300051 oe 
+ 100019 
+ 3000570 
+ 1000210 
+ 30034800 


+ 10011800 


Test Performed By 
Date 


Reference Temperature 


Date of Last Calibration 


Low Test 
Limit Pass 


— 006 


— 03 


30 

300 

+ 299.943 
+99.977 

+ 2999.49 
+999.81 

+ 29994.9 
+ 9998.1 

+ 299949 
+99981 

+ 2999430 
+ 999790 
+ 29965200 


+ 9988200 
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Test 
Fail 
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Hewlett-Packard Model 342714 


Data Acquisition and Control Unit 


Serial 


Number 


Counter Test 


Step# 
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HP 342714 
Input 
Open 
10 Hz, 


oV RMS 


10 kHz, 
5V RMS 


Set-Up 


RESET 


Frequency, 
10 Second 
Gate Time 


Frequency, 
1 Second 
Gate Time 


PERFORMANCE TEST CARD 


High 
Limit 


Reading 


Test Performed By_ 


Date 


Reference Temperature _ 


Low 
Limit 


Test 
Pass 


HP 3421A 


Test 
Fail 


rrr 


10.1 Hz 


10006 Hz 


9.9 Hz 


9994 Hz 
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1-4-34. MANUAL CALIBRATION 


* 1-4-35. Instrument calibration is electronic, which means there are no manual adjustments 
to be made to the HP 3421A. Calibration is performed by applying a known good source 
to the HP 3421A front panel terminals. The value of the source is then compared to the 
average value of ten readings. From this, the instrument calculates a calibration constant 
and stores it in the calibration RAM. These constants are used to calculate future readings. 
Calibration procedures are given for de volts, ac volts, ohms, and temperature functions. 


1-4-36. Calibration RAM power is backed up by a long life 3V battery. This allows con- 
stants stored in RAM to be maintained, even if power has been removed or the main battery 
is depleted. 


1-4-37. If the HP 3421A display error indicator turns on during any portion of the calibra- 
tion procedure, it most likely indicates that a procedural error has taken place. If a pro- 
cedural error causes the error indicator to turn on, the step that caused the error is not 
performed and must be repeated. Repeating the step will not clear the error indicator. However, 
the repeated step will be performed if it is done correctly. Because of this, it is recommended 
that you not start calibration with the error indicator turned on. Also, if it turns on during 
calibration, clear it by inputting the first four status registers, as explained under calibration 
error codes. Calibrating with the error indicator on could result in an incorrect calibration. 


1-4-38. The ac volts function uses both the ac volts and dc volts calibration constants. 
Therefore, make sure the dc volts function is properly calibrated before calibrating the ac volts 
function. To do this, you can either calibrate the de volts function first, or perform the 
de volts performance test before doing an ac volts calibration. The ohms and temperature 
functions can be calibrated independent of the dc volts or ac volts functions. 





1-4-39. Each step in the procedures for dc volts and ac volts will configure the instrument 
exactly as required for that step. That is, none of the steps for dc volts and ac volts depend 
upon the configuration of a previous step. However, this is not true for the calibration of 
the ohms and temperature functions. Several steps for the ohms and temperature functions 
are dependent upon the configuration of a previous step. 


1-4-40. Calibration Error Codes 


1-4-41. When performing the calibration procedure, there are several procedural errors that 
cause the HP 3421A display error indicator to turn on. The following lists items to check 
if the display error indicator is encountered. Any one of these items will cause the error in- 
dicator to turn on during calibration. 


a. Make sure the rear panel calibration enable switch (S501 segment #8) is in the enable 


position (down). 


Some of the procedures contain a step to press the HP 3421A’s front 
panel switch off. Always make sure the calibration enable switch 
is in the up position (calibration disabled) before pressing the Model 
3421A’s front panel switch off or disconnect ac power. Failure to 
do this could cause the Calibration RAM contents to be altered, 
requiring complete recalibration of the instrument. 
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b. Make sure the proper range and function are specified. 


c. Do not specify a function that cannot be calibrated, such as FO (all functions off) or ® 
F7 (counter). 


d. Make sure the proper calibration signal is applied for the selected function and range. 


e. Make sure zero calibration is performed before performing full scale (or 4 scale) calibra- 
tion. Also make sure no reading is taken between zero and full scale calibrations. 


f. Make sure the number sent to the HP 3421A for calibrating dc volts and ohms func- 
tions 1s within 100 counts of either one-third scale or full scale. For example, on the 3V range, 
the number sent must be between 2.9900 and 3.0100 for full scale calibration, or between 
0.99000 and 1.01000 for % scale calibration. For ac volts, the number sent must be within 
100 counts of the 3V calibration point (2.9900 - 3.0100). 


g. Always wait at least 10 seconds after sending a calibration command to the HP 3421A 
(e.g., OUTPUT 901 ; “‘CO’’) before removing the calibration input signal or otherwise distur- 
bing the setup. A calibration operation takes several seconds for the Model 3421A to take 
and average ten calibration measurements. The 10 second wait ensures proper calibration. 


1-4-42. If the error indicator on the HP 3421A display turns on but none of the preceding 
items appear to be the cause, you can determine the cause by reading the contents of the 
Status, Error, Hardware Error, and Calibration Error Registers. From this you can deter- 
mine what is causing the error. Do this as follows: 





a. When you execute the following program line, the HP 3421A prepares a sequence of 
24 numbers which are the values in the Read State Registers of the Model 3421A (see Figures 
1-3-2 and 1-3-3 in Section III). 


OUTPUT 901 ; “SR” 


b. Since the HP 3421A errors are in the first four registers, input the contents of these 
registers to the controller by executing the following program line. This line places the con- 
tents of the Status Register into variable A, the Error Register into variable B, the Hardware 
Error Register into variable C, and the Calibration Error Register into variable D. The registers 
are then cleared in the Model 3421A and the display error indicator will be cleared immediately 
if using HP-IL, or upon by any subsequent I/O command if using HP-IB. 


ENTER 901 ; A,B,C,D 
c. Execute the following HP-85 commands to convert the numbers in variables A, B, C, 
and D from decimal to binary. The HP-85 should display a series of eight 1’s and 0’s for 
each variable. Each of these digits corresponds to one bit in the appropriate register. 


Read the Status Register in variable A: 


A$ = DTBS$(A) 
DISP A$[9] 
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Read the Error Register in variable B: 


* A$ = DTB$(B) 


DISP A$[9] 
Read the Hardware Error Register in variable C: 


A$ = DTBS(C) 
DISP A$[9] 


Read the Calibration Error Register in variable D: 


A$ = DTB$(D) 
DISP A$[9] 


d. The right most digit in the HP-85 displays bit #0 with bits 1-7 numbered consecutively 
to the left of bit #0. 


e. Use Figure 1-4-5 to identify the error condition. A condition is shown by a bit set to 
|. For example, if bit 5 in Register 4 (Calibration Error Register) is a 1 (00100000), the calibra- 
tion RAM is defective. If the error condition is in either Register 3 (Hardware Error Register) 
or in Register 4 (Calibration Error Register), go to Table 1-4-5 to determine possible causes 
of the error and the appropriate action. 


1-4-43. Calibration Procedures (Manual) 





1-4-44. The steps in each procedure must be performed in the order given. The equipment 
recommended to perform each calibration procedure is listed under that procedure. Make 
sure the dc volts function is properly calibrated before calibrating ac volts. 


NOTE 


in the procedures, it is assumed that the interface select code is **9”’ 
and the device address is “‘01’’ (i.e, 901’). This is typical when 
using an HP-IL interface and the HP 3421A is the first device in 
the loop. The procedures can also be used with HP-IB if the pro- 
per interface select code and device address are specified (e.g., ‘‘709”’ 
in place of **901’’). 
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‘Register I: Status Register | 
+ 


| 
Always 0 Abnormal | Low Event Self Test Power-On 
| Condition | 


Battery Occured Error Reset 


Bit Value 


Not Tried to Can't do Can't da Option Invalid No data Triggered 
Defined load T3 since TOT,MH, specified Syntax ready but but FO 
May be channel channel ML,MN,DT | in addressed asserted 
Toro list with list is while command | to talk 

more empty | battery | does not 
than 30 is low )| exist in 
channels | that slot 


Bit Value 





| Register 3: Hardware Error Register 


10 Mohm | RAM U503 | RAM U504 uP RAM A/D Slope | Cal RAM 
test | failed failed failed Error checksum checksum checksum 
failed Error Error Error 





Register 4 4: + Calibration Error Register 


Not A/D Error | Cal RAM Calibra- Invalid | Invalid Invalid 
Defined | defective tion Cal zero | ) Cal Cal 
May be | attempted | number function 
1 or O | but not or range 

enabled 


Bit Value 


Figure 1-4-5. Status, Error, Hardware Error, and Cal Error Registers 
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Table 1-4-5. Registers 3 and 4 Description 


Cal RAM Checksum Error. 

This shows if any calibration RAM locations have incorrect checksums which can be caused 
if one or more calibration constants are missing or are invalid. if the bit is set in self test, 
it is typically caused by an uncalibrated Multiplexer/Actuator option. Perform the temperature 
calibration procedure for each option installed, as given in paragraph 1-4-59. lf the bit is set 
when attempting the temperature calibration of the Multiplexer/Actuator option, continue with 
the calibration procedure. If, after calibration, the bit is still set, perform a complete instru- 
ment calibration. lf after a complete calibration the bit is still set, go to Section VIII for 
troubleshooting. 


















ROM1 Checksum Error. 
This shows a ROM1 (U505) checksum error, The most likely cause is a hardware failure of 
the ROM itself. Go to Section VIII for troubleshooting. 









ROMO Checksum Error. 
| This shows a ROMO (U506) checksum error. The most likely cause is a hardware failure of 
| the ROM itself. Go to Section VIII for troubleshooting. 










A/D Slope Error. 
This shows an A/D slope error which can be caused by the A/D Converter itself, by an in- 
operative reference voltage circuitry, or the input circuitry {i.e., U102, U101, or associated | 
circuitry). This failure could also cause bit 7 to set. Go to Section VIII for troubleshooting. | 







Microprocessor RAM Failed. 
This bit is set, if the RAM in the CPU (U508) is defective. Go to Section Vill for troubleshooting. 







RAM U504 Failed. 
This bit is set if RAM U504 is defective. Go to Section VIII for troubleshooting. 







RAM U503 Failed. 
This bit is set if RAM U503 is defective. Go to Section VIII for troubleshooting. 













10 Mohm Test Failed. 
This indicates that the 100:1 Divider li.e., the 9.9M and 100K ohm resistors in U1G2} may 
be defective. This divider is only used on the 30V and 300V ranges. Since, during self test | 
or at turn on, any external connections to the HP 3421A makes the divider test fail, make 
sure no external connections are made to the HP 3421A at turn on or while the self test is 
enabled. If the bit is still set with no external connections, suspect a defective U102. This 
bit may also be set if any part of the analog measurement circuitry to the 100:1 Divider is | 
defective. This bit will probably be set if bit 3 (4/D Slope Error) is also set. If both bits 3 and | 
7 are set, the failure is most likely in the A/D Converter circuitry (go to Section VIII for | 
troubleshooting}. | 


Invalid Cal Function or Range. 

This bit is set if the calibration constants cannot be calculated in the selected function and 
range. For example, If FO (all functions off) is selected, or R-1 (.3V range) is selected with 
the HP 3421A in the F2 (ac volts) function, the bit will be set. Make sure the correct function 
and range combination is selected before attempting any calibration. 


| Invalid Cal Number. 
This shows that an attempt was made to calibrate the HP 3421A with an incorrect calibra- 
tion number. For example, if the number for the full scale calibration signal is NOT between 
| 299000 and 301000 or 099000 and 101000 for the 5 scale calibration signal, the bit will 
be set. Make sure the calibration signal and number are at the correct values before attempt- 
ing any calibration. 


Invalid Cal Signal. 
This bitis set if an attempt is made to calibrate a function and range using the wrong calibra- 
tion signal. For example, the bit is set if a de volts signal is used to calibrate the ohms func- 
tion. This bit can also be set when doing the temperature calibration of the Multiplexer/Actuator 
option. This can happen if the HP 34214A is unable to receive a valid signal from the temperature 
transducer on the option. If the bit is set during temperature calibration, make sure the op- 
tion's cables, associated temperature transducer, or U102 in the HP 34214 mainframe are 
good. If the HP 3421A has an older A1 Assembly with HP Part Number 03421-66501, suspect 
the temperature sensor FETs in U102. 
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Table 1-4-5. Registers 3 and 4 Description (Cont'd) 


Register Description 


oh Invalid Cal Zero. 
(cont'd) This shows that the zero calibration constant Is invalid when attempting to calibrate at full 
or % scale. Make sure the correct zero calibration has been performed before doing any full 
or 1/3 scale calibration. 


Calibration Attempted But Not Enabled. 

This shows that an attempt was made to calibrate the HP 34217A with the calibration enable 
switch set in the disable position (S501 segment #8 in the up position). Make sure the switch 
is set in the calibration enable position (down) before performing any calibration. 


Cal RAM Defective. 
This shows a defective calibration RAM (U502). Go to Section Vill for troubleshooting. 


A/D Error. 

This bit is only set when an A/D error shows up during calibration, It can be caused by the 
A/D Converter itself, an inoperative reference voltage circuitry, or the input circuitry (.1.e., 
U102, U101, or associated circuitry). Go to Section Vill for troubleshooting. 


This bit is not defined and can be either 1 or O. 





1-4-45. DC Volts Calibration (Manual) 
1-4-46. Table 1-4-6 lists the de volt calibration signals. Each step in the table 1s shown in 
parenthesis in the procedure. Unless otherwise specified, calibration signals are applied to 


the HP 3421A Q/V HI and Q/V LO front panel terminals. 


Table 1-4-6. DC Volts Calibration 


HP 3421A | HP 3421A HP 3421A 
Step # Input Range Set Up 
ov 














DCV Cal 
DCV Cal 
DCV Cal 
DCV Cal 
DCV Cal 
DCV Cal 
DCV Cal 
DCV Cal 










mJ maob wpe 


1-4-47. Recommended Equipment. The following equipment is recommended to calibrate 
the HP 3421A for the de volts function. 


HP-85 Computer equipped with HP-IL or HP-IB 
Digital Voltmeter (HP 3456A) 
DC Volts Standard (Systron Donner Model M107) 


i-4-48. DC Volts Calibration Procedure. After the HP 3421A has been turned on for one 
hour, do the following: 


a. Disconnect all inputs to the HP 3421A front panel terminals and option assemblies H1 
and LO common terminals. Then RESET the Model 3421A be executing the following pro- 
gram line. This sets the instrument to the dc volts, 5 2 digit mode, and opens all channels 
on installed option cards. 





OUTPUT 901 ; “RS” 


| -4-32 








HP 3421A Performance Verification and Calibration 


NOTE 


Uniess all functions have calibration constants stored in the caiibra- 
tion RAM, the calibration RAM checksum portion of the self test 
will fail and cause the error indicator on the HP 3421A display to 
turn on. If this occurs, it is recommended that you clear the error 
indicator before performing the calibration procedure (see paragraph 
1-4-40). 


b. Locate the rear panel calibration enable switch (S501 segment #8). Use a narrow non- 
conductive object to move the calibration enable switch segment down. Do not use the tip 
of a pencil, since graphite fragments from the pencil are conductive. 


c. (Step #1) Short the HP 3421A Q/V HI and Q/V LO front panel terminals. Then set 
the instrument to the .3V range and calibrate zero by executing the following program line. 


OUTPUT 901 ; *‘FIR-1C0”’ 


NOTE 


Be sure to wait at least 1U seconds after executing this command, 
and all other commands in this procedure, before disturbing the 
equipment setup. This will ensure that the instrument has enough 
time to average ten readings and complete the calibration step 


properly. 


d. Remove the short from the HP 3421A input terminals and then set the de volts stan- 
dard for a OV output. 


e. (Step #2) Connect the HP 3421A to the digital voltmeter (DVM) and dc volts standard 
as shown in Figure 4-1. The DVM will be used as the standard measurement device and the 
dc volts standard as a stable power supply. Then do the following: 


1. Set the DVM to the 1V Range with 6 digit resolution. 

2. Set the dc volts standard output to .300000V and note the reading on the DVM. 
3. Output the DVM reading to the HP 3421A by executing the following program line, 
disregarding the DVM decimal point. For example, if the DVM is displaying .300011, 
send ‘‘C300011’’. 


OUTPUT 901 ; “*FIR-1C300011"’ 


t. Check the error indicator on the front panel display to make sure it is off. If it is off, 
the .3V range was successfully calibrated. If the error indicator is on, see paragraph 1-4-40. 


g. (Step #3) Remove the DVM and dc volts standard from the HP 3421A input terminals. 
Short the HP 3421A input terminals and calibrate zero on the 3V range by executing the 
following program line. 


OUTPUT 901 5. “FIROCO” 
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h. (Step #4) Remove the short from the HP 3421A front panel terminals and re-connect 
the DVM and dec volts standard. Then do the following. 


1. Set the DVM to the 10V range. 
2. Set the de volts standard for an output of 3.00000V, and note the reading on the DVM. 
3. As explained for the .3V range, calibrate the HP 3421A for full scale 3V range by 
executing the following program line. Disregard the DVM decimal point and fill in the 
blanks with the DVM reading. 

OUTPUT 901 ; ‘“‘FIROC - 


1. Check the error indicator in the front panel display to make sure it is off. If it is off, 
the 3V range was successfully calibrated. If the error indicator is on, see paragraph 1-4-40. 


j. (Step #5) Remove the DVM and dc volts standard from the HP 3421A input terminals. 
Short the HP 3421A input terminals and calibrate zero on the 30V range by executing the 
following program line. 


OUTPUT 901 ; **FIRICO’’ 


k. (Step #6) Remove the short from the HP 3421A front panel and re-connect the DVM 
and de volts standard. Then do the following. 


1. Set the DVM to the 100V range. 
2. Set the de volts standard for an output of 30.0000V, and note the reading on the DVM. 
3. As explained for the previous ranges, calibrate the HP 3421A for full scale 30V range 
by executing the following program line. Disregard the DVM decimal point and fill in 
the blanks with the DVM reading. 

OUTPUT SQ. 2 "FIRIC 


|. Check the error indicator in the front panel display to make sure it ts off. If it is off, 
the 30V range was successfully calibrated. If the error indicator is on, see paragraph 1-4-40. 


m. (Step #7) Remove the DVM and dc volts standard from the HP 3421A input terminals. 
Short the HP 3421A input terminals and calibrate zero on the 300V range by executing the 
following program line. 


OUTPUT 901 > “FIRZCO” 


n. (Step #8) Remove the short from the HP 3421A front panel and re-connect the DVM 
and de volts standard. Then do the following. 


1. Set the DVM to the 1000V range. 


[-4-34 








HP 3421A Performance Verification and Calibration 


The 300V used in the next four steps (steps n.2, n.3, 0, and p) is 
a LETHAL voltage. Do not touch the output terminals of the dc 
volts standard, or the input terminals of the HP 3421A or HP 3456A 
while performing these steps. Also, if the error indicator turns on 
while calibrating, set the output of the dc volts standard to OV before 
clearing the error indicator and recalibrating the 300V range. 


2. Set the de volts standard for an output of 300.000V, and note the reading on the DVM. 
3. As explained for the previous ranges, calibrate the HP 3421A for full scale 300V 
range by executing the following program line. Disregard the DVM decimal point and 
fill in the blanks with the DVM reading. 
OUTPUT 901 ; “FIR2C 7 
o. Check the error indicator in the front panel display to make sure it is off. If it is off, 
the 300V range was successfully calibrated. If it is on, first set the output of the dc volts 


standard to OV and then refer to paragraph 1-4-45. 


p. Set the output of the de volts standard to OV and then disconnect it from the HP 3421A 
and HP 3456A. 





q. This completes the dc volts calibration. Move the calibration enable switch (S501 
segment #8) to the up position, unless you are continuing on with the remainder of the calibra- 
tion procedures. 


1-4-49. AC Volts Calibration (Manual) 


1-4-50. The ac volts function is calibrated using only one calibration signal: 3V RMS at 100 
Hz. With the ac signal applied, the HP 3421A takes a reading in both the 3V and 30V ranges 
to determine the gain constants. Thus, the 3V range is a full scale measurement and the 30V 
range is a 1/10 scale measurement. The ranges are automatically selected by the HP 3421A 
during calibration. 


1-4-51. Perform the ac volts calibration only after making sure the dc volts function is 
properly calibrated. The reason for this is because ac volt readings use both the dc volts and 
ac volts calibration constants. If you are not sure the dc volts function is properly calibrated, 
either calibrate the dc volts function first, or run the de volts performance verification before 
calibrating the ac volts function. 


1-4-52. Recommended Equipment. To perform the ac volts calibration the following 
equipment is recommended. 


HP-85 Computer 
AC Calibrator (Fluke Model 5200A) 
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1-4-53. AC volts Calibration Procedure. To calibrate the ac volts function, do the following: 
a. Make sure all front panel inputs to the HP 3421A are disconnected. 


b. Reset the HP 3421A by executing the following program line. This will cause the in- 
strument to perform self test. 


OUTPUT 901; “SRS” 
NOTE 


Be sure to wait at least 10 seconds after executing this command, 
and all other commands in this procedure, before disturbing the 
equipment setup. This ensures that the instrument has enough time 
fo average ten readings and complete the calibration step properly. 


c. Make sure the rear panel calibration enable switch (S501 segment #8) is in the down 
position. 


d. Set the ac calibrator to exactly 3.00000V RMS at 100 Hz. 
e. Connect the ac calibrator to the HP 3421A 0/V HI and Q/V LO front panel terminals. 
tf. Calibrate the HP 3421A for the ac volts function by executing the following program line. 
OUTPUT 901 ; ‘*F2R0C3’’ 
NOTE 


Be sure to wait at least 10 seconds after executing this command, 
and all other commands in this procedure, before disturbing the 
equipment setup. This ensures that the instrument has enought time 
fo average ten readings and complete the calibration step properly. 


g. Check the error indicator in the front panel display to make sure it is off. If it is off, 
the ac volts function was successfully calibrated. If the error indicator is on, see paragraph 
1-4-40. 


h. Disconnect the ac calibrator from the HP 3421A. 


i. This completes the ac volts calibration. Move the calibration enable switch (S501 
segment #8) to the up position, unless you are continuing with the remaining calibration 
procedures. 


1-4-54. Ohms Calibration (Manual) 


1-4-55. The HP 3421A 1s calibrated for either the 2-wire ohms or 4-wire ohms function. It 
cannot be calibrated for both. Therefore, the instrument should be calibrated for the func- 
tion that will be used. When calibrating for 2-wire ohms, always use leads that are the same 
length and have the same impedance that will be used for normal operation. This is necessary 
to maintain the accuracy of the ohms function. 
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1-4-56. The ohms function can be calibrated using either full scale or “3 scale inputs. The 

steps in parentheses in Table 1-4-7 are for the 4 scale calibration. It is preferable to perform 
calibration using full scale inputs. However, if you do not have enough precision resistors 
to do this, use the % scale inputs. For example, on the 300 ohm range you can use a single 
1002 precision resistor and calibrate at 4 scale instead of connecting three 1002 resistors 
in series for a full scale calibration. 


Table 1-4-7. Ohms Calibration 


HP 3421A HP 34 HP 3421A 
Step # Input Rang Set-Up 
1 


221A 
2 
300 Ohms 
2-Wire or 4-Wire 


300 
300 
3k 
3k 
3k 





1-4-57. Recommended Equipment. The following equipment is recommended to perform 
the ohms calibration. 





HP-85 Computer 

100Q2 + .0005% (Guildline Model 9330/100 or 9330A/100) 
1kQ +.0005%  (Guildline Model 9330/1k or 9330A/I1k) 
10kQ +.001%  (Guildline Model 9330/10k or 9330A/10k) 
100kQ +.001% (Guildline Model 9330/100k or 9330A/100k) 
IMQ +.002%  (Guildline Model 9330/1M) 

1IOMQ +.01% (Guildline Model 9330/10M) 


1-4-58. Ohms Calibration Procedure. To calibrate the HP 3421A for the ohms function 
(2-wire or 4-wire), do the following: 


a. Make sure all front panel inputs to the HP 3421A are disconnected. 


b. Reset the HP 3421A by executing the following program line. This will cause the in- 
strument to perform self test. 


OUTPUT 901 ; ‘*RS”’ 


c. Make sure the rear panel calibration enable switch (S501 segment #8) is in the down 
position. 
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NOTE 


Uniess all functions have calibration constants stored in the calibra- 
fion RAM, the calibration RAM checksum portion of the self test 
will fail and cause the error indicator in the HP 3421A display to 
turn on. If this occurs, it is recommended that you clear the error 
indicator before performing this calibration procedure (see 
paragraph 1I-4-40). 


d. Set the HP 3421A to the 3000 range and either the 2-wire or 4-wire ohms function by 
executing one of the following program lines. 


2-wire ohms 
OUTPUT 901 ; ‘‘F3R2’’ 


4-wire ohms 
OUTPUT 901 ; **F4R2’’ 
e. (Step #1) Short the HP 3421A front panel input terminals. For 2-wire ohms, short the 
2/V HI and Q/V LO terminals by shorting the end of the test leads. For 4-wire ohms, short 


the terminals as shown in Figure 1-4-3. Then calibrate zero for the 3000 range by executing 
the following program line. 


OUTPUT 901 ; ‘‘C0’’ 





NOTE 


Be sure to wait at least 10 seconds after executing this command, 
and all other commands in this procedure, before disturbing the 
equipment setup. This will ensure that the calibration step is 
completed properly. 


f. (Step #2) Connect either the 3000 or 1000 standard resistance to the input terminals. 
For 2-wire ohms, connect the resistance across the Q/V HI and Q/V LO input terminals at 
the end of the test leads. For 4-wire ohms, connect the resistance across the sense terminals 
as shown in Figure 1-4-4. Then execute the following program line, depending upon the value 
of the resistance used. 


4 Scale 
OUTPUT 901 ; **C100000’’ 


Full Scale 
OUTPUT 901 ; **C300000’’ 
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NOTE 
* lf the exact value of the standard resistance is known, but it is slightly 
different than the 3 or full scale calibration point, you can enter 
the value of the resistance. Example: if the standard resistance is 
known to be exactly 300.0250, send ‘‘C300025”’ (disregard decimal 
point) for full scale calibration. Similarly, this can be done for 
calibrating any range where the exact resistance is Known, By 
doing this, calibration accuracy can be improved. 


g. Check the error indicator in the HP 3421A display. If it is off, the 3000 range was 
calibrated successfully. If the error indicator is on, see paragraph 1-4-40. 


h. Set the HP 3421A to the 3kQ range by executing the following program line. 
OUTPUT 901 ; “*R3”’ 


i. (Step #3) Short the HP 3421A front panel input terminals. For 2-wire ohms, short the 
(2/V HI and 2/V LO terminals by shorting the end of the test leads. For 4-wire ohms, short 
the terminals as shown in Figure 1-4-3. Then calibrate zero for the 3kQ range by executing 
the following program line. 


OUTPUT 901 3 **CQ”’ 


j. (Step #4) Connect either the 3kQ or 1kQ standard resistance to the input terminals. For 
2-wire ohms, connect the resistance across the 2/V HI and Q/V LO input terminals at the 
end of the test leads. For 4-wire ohms, connect the resistance across the sense terminals as 
shown in Figure 1-4-4. Then execute the following program line, depending upon the value 
of the resistance used. 





4 Scale 


OUTPUT 901 ; **C100000"" 


Full Scale 
OUTPUT 901 ; **C300000”’ 


k. Check the error indicator in the HP 3421A display. If it is off, the 3k{2 range was 
calibrated successfully, If the error indicator is on, see paragraph 1-4-40. 


|. Set the HP 3421A to the 30k range by executing the following program line. 
OUTPUT 901 ; “*R4” 


m. (Step #5) Short the HP 3421A front panel input terminals. For 2-wire ohms, short 
the Q/V HI and Q/V LO terminals at the end of the test leads. For 4-wire ohms, short the 
terminals as shown in Figure 1-4-3. Then calibrate zero for the 30kQ range by executing the 
following program line. 





OUTPUT 901 ; **CO”’ 
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n. (Step #6) Connect either the 30kKQ2 or 1OK{) standard resistance to the input terminals. 
For 2-wire ohms, connect the resistance across the 2/V HI and 2/V LO at the end of the = 
test leads. For 4-wire ohms, connect the resistance across the sense terminals as shown in 
Figure 1-4-4. Then execute the following program line, depending upon the value of the 
resistance used. 


'4 Scale 
OUTPUT 901 ; **C100000"’ 


Full Scale 
OUTPUT 901 ; **C300000”’ 


o. Check the error indicator in the HP 3421A display. If it is off, the 30kQ range was 
calibrated successfully. If the error indicator is on, see paragraph 1-4-40. 


p. Set the HP 3421A to the 300k range by executing the following program line. 
OUTPUT 901 ; “*R5”’ 


q. (Step #7) Short the HP 3421A front panel input terminals. For 2-wire ohms, short the 
(2/V HI and Q2/V LO terminals at the end of the test leads. For 4-wire ohms, short the ter- 
minals as shown in Figure 1-4-3. Then calibrate zero for the 300kQ range by executing the 
following program line. 


OUTPUT 901 ; ‘*Co”’ ® 


r. (Step #8) Connect either the 300kQ2 or 100kQ standard resistance to the input terminals. 
For 2-wire ohms, connect the resistance across the Q/V HI and 2/V LO at the end of the 
test leads. For 4-wire ohms, connect the resistance across the sense terminals as shown in 
Figure 1-4-4. Then execute the following program line, depending upon the value of the 
resistance used. 





4 Scale 

OUTPUT 901 ; **C100000”’ 
Full Scale 

OUTPUT 901 ; **C300000”’ 


s. Check the error indicator in the HP 3421A display. If it is off, the 300kQ range was 
calibrated successfully. If the error indicator is on, see paragraph 1-4-40. 


t. Set the HP 3421A to the 3MQ range by executing the following program line. 
OUTPUT 901 ; ‘*R6’’ 
u. (Step #9) Short the HP 3421A front panel input terminals. For 2-wire ohms, short the 
(/V HI and Q2/V LO terminals at the end of the test leads. For 4-wire ohms, short the ter- 


minals as shown in Figure 1-4-3. Then calibrate zero for the 3MQ range by executing the 
following program line. 





OUTPUT 901 ; ‘*C0”’ 
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v. (Step #10) Connect either the 3MQ or 1MQ standard resistance to the input terminals. 
For 2-wire ohms, connect the resistance across the 2/V HI and 2/V LO input terminals at 
the end of the test leads. For 4-wire ohms, connect the resistance across the sense terminals 
as shown in Figure 1-4-4. Then execute the following program line, depending upon the value 
of the resistance used. 


% Scale 
OUTPUT 901 ; **C100000” 


Full Scale 
OUTPUT 901 ; **C300000”’ 


w. Check the error indicator in the HP 3421A display. If it is off, the 3MQ range was 
calibrated successfully. If the error indicator is on, see paragraph 1-4-40. 


x. Set the HP 3421A to the 30MQ range by executing the following program line. 
OUTPUT 901.; “R?”’ 


y. (Step #11) Short the HP 3421A front panel input terminals. For 2-wire ohms, short 
the Q/V HI and Q2/V LO terminals at the end of the test leads. For 4-wire ohms, short the 
terminals as shown in Figure 1-4-3. Then calibrate zero for the 30MQ range by executing 
the following program line. 


OUTPUT 901 ; “co” 


z. (Step #12) Connect either the 30MQ or 1OMQ standard resistance to the input terminals. 
For 2-wire ohms, connect the resistance across the 2/V HI and Q/V LO input terminals at 
the end of the test leads. For 4-wire ohms, connect the resistance across the sense terminals 
as shown in Figure 1-4-4. Then execute the following program line, depending upon the value 
of the resistance used. 


4 Scale 
OUTPUT 901 ; **C100000” 


Full Scale 
OUTPUT 901 ; **C300000”’ 


aa. Check the error indicator in the HP 3421A display. If it is off, the 30MQ range was 
calibrated successfully. If the error indicator is on, see paragraph 1-4-40. 


bb. Disconnect the standard reistance from the HP 3421A input terminals. 
cc. This completes the ohms calibration procedure. Set the rear panel calibration enable 


switch (S501 segment #8) to the up position, unless you are continuing with the remaining 
calibration procedures. 
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1-4-59. Temperature Calibration (Manual) 


1-4-60. Temperature calibration must be performed at an ambient temperature that allows © 
the reference junction on the Multiplexer/ Actuator Assembly to be between 0°C and 69.99°C, 

Once the reference junction has been calibrated, the instrument should be operated at an 

ambient temperature within + 5°C of the temperature at which it was calibrated. Operating 

the instrument within this 10°C should result in a temperature measurement accuracy of + 1°C 

for each °C outside the range. 


1-4-61. Each Multiplexer/ Actuator Assembly has its own reference junction. Therefore, each 
assembly must be calibrated individually. The calibration should be performed after the top 
and rear covers are in place and there has been at least a one hour warm-up. Once a Multiplex- 
er/Actuator Assembly is calibrated for a slot, it should be used in the slot in which it was 
calibrated. For example, do not calibrate two assemblies and then switch their slot locations. 
In addition, if a new assembly is added to the instrument, make sure it 1s calibrated in the 
slot where it will be used. 


|-4-62. There are two temperature calibration procedures that can be used. One procedure 
uses the HP 3456A digital voltmeter and the other uses the HP 3421A internal voltmeter. 
The HP 3456A procedure is more convenient since the Model 3456A will automatically deter- 
mine the calibration temperature. In the Model 3421A calibration procedure, the calibra- 
tion temperature must be calculated by the controller using a formula given in the procedure. 


]-4-63. It is recommended that the temperature calibration be performed with the HP 3421A 
in the same physical location position as it will be used. That is, if the Model 3421A 1s to 
be used in the vertical position, calibrate the temperature function in that position. Likewise, 
if the Model 3421A 1s to be used in the horizontal position, calibrate in that position. 





NOTE 


The calibration RAM checksum portion of the self test will always 
fail if a Multiplexer Option occupies a slot that does not contain 
calibration constants for the temperature function. 


The factory places 25.00°C calibration constants in RAM for all 
slots that are either empty or contain Digital I/O Assemblies. To 
ensure temperature measurement accuracy, the temperature func- 
tion must be recalibrated for each field installable Multiplexer/Ac- 
tuator Assembly. 


1-4-64. Recommended Equipment. The following equipment is recommended to calibrate 
the temperature function. 


HP-85 Computer 

Multiplexer/Actuator Assembly 

Temperature Calibrator Board (HP Part Number 03421-66505) 
HP 3456A Digital Voltmeter (for the HP 3456A procedure) 
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NOTE 


[If there ts more than one HP 44462A Multipiexer/ Actuator 
Assembly in your instrument, you can simultaneously calibrate all 
the assemblies using one HP 03421-66505 Temperature Calibrator 
Board for each assembly instead of one board for all assemblies. 
If this is done, only a one hour warm-up is required for all the 
assemblies instead of a one hour warm-up for each individual 
assembly. 


1-4-65. Temperature Calibration Procedure Using the HP 3456A. To calibrate the 
temperature function using the HP 3456A, perform the following procedure. The semi- 
automated test and calibration procedures in paragraph 1-4-67 can be used instead of the 
following manual procedure, if the HP 3421A Calibration and Test Cartridge (HP Part 
Number 03421-10001 Rev. C or higher) is available. (Note: Only Rev. C or higher tape will 
operate with the Temperature Calibrator Board.) 


a. Identify the slot(s) with the Multiplexer/Actuator Assembly to be calibrated (slots 0, 


1, and/or 2). 


In this procedure you are directed to remove power from the HP 
342] A. Always make sure the calibration enable switch (S501 seg- 
ment #8) is in the up position before the Model 3421A front panel 
switch is pressed off or ac power is disconnected. Failure to do this 
could cause the calibration RAM constants to be altered requiring 
complete recalibration of the instrument. 


If an HP-IL controller is used that has the “‘Auto Off’’ feature, 
such as ts available with the HP-71B and HP-75C/D (i.e., the con- 
troller automatically turns off if not used for a certain amount of 
time and in turning off executes a loop power-down), make sure 
the controller does not turn off when connected to the HP 3421A 
with the calibration enable switch in the down position. If the con- 
troller turns off, the Model 3421A may unexpectedly go into the 
power down mode. This could also cause the calibration RAM con- 
stants to be altered requiring complete recalibration of the 
instrument. 


b. Make sure the rear panel calibration switch (S501 segment #8) is in the up position. 
Then press the HP 3421A front panel switch to the off position and unplug the instrument’s 
power cord. 


c. Remove the black rear panel strain relief bar on the slot(s) to be calibrated by loosen- 
ing the two captive screws that hold each in place. 


d. Remove the grey ‘‘WARNING”’ safety cover(s) on the slot(s) to be calibrated by loosen- 
ing the two captive screws that hold each in place. 


|-4-43 


Performance Verification and Calibration HP 34214 


e. Loosen the two captive screws holding the terminal block(s) to the Muluplexer/ Actuator 
Option board(s) and then remove the terminal block(s). = 


f. Plug the Temperature Calibrator Board(s) (HP P/N 03421-66505) onto the Multiplex- 
er/Actuator Assembly (or Assemblies) to be calibrated. Make sure the component side of 
the calibrator board is in the up position when plugging it onto the Multiplexer/Actuator 
Assembly. 


g. Reinstall the grey “WARNING” safety cover(s) that was/were removed in step d. This 
ensures a more stable temperature for calibration. 


h. Plug the HP 3421A power cord into an ac outlet and press the front panel switch on. 

1. Allow the HP 3421A to warm-up for at least one hour. 

j. Connect the HP 3421A’s HI and LO Sence Terminals, respectively. Then connect the 
Model 3421’s HI and LO Input Terminals to the HP 3456A’s HI and LO Input Terminals, 
respectively. 

k. Place the rear panel calibration enable switch (S501 segment #8) in the down position. 

|. Select channel 4 of the Multiplexer/Actuator Assembly to be calibrated by executing 
the following program line. Fill in the blank space with the appropriate channel number. 


If the Multiplexer/Actuator Assembly is in slot 0, send ‘‘CLS04’’. If it is in slot 1, send 
*“CLS14”. If it 1s in slot 2, send ‘‘CLS24’’, 





OUTPUT 901 5 °““CUS __” 


m. Select the appropriate function, range, and channel by executing the following pro- 
gram line. Fill in the blank space with the appropriate channel number. If the Multiplex- 
er/Actuator Assembly is in slot 0, send ‘‘REF4’’. If it is in slot 1, send ‘‘REF14’’. If it is 
in slot 2, send ‘‘REF24’’. 


OUTPUT 901 ;““REF__” 


n. If after sending the *“*REF__’”” command an error is detected (the HP 3421A front 
panel LCD error indicator is on), the error is most likely caused by an uncalibrated Multiplex- 
er/Actuator Assembly. The error should disappear after completing the temperature calibration 
(step p). 


o. Using the HP 3456A 2-wire ohms function and temperature math function in °C, measure 
and note the temperature of the thermistor on the Temperature Calibrator board. Press the 
following buttons on the HP 3456A to read the temperature. 


2-WrQ Function button 

Auto Range button 

Blue Math button on Keyboard 

“*6”’ (i.e., THM °C) button on Keyboard 
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p. Execute the following program line, filling in the blank space with the HP 3456A 
* temperature reading. The decimal point in the temperature reading is optional. However, 
the two leading 0’s are necessary. For example, if the temperature reading 1s 27.95°C, send 

**€'002795” or “*C0027.95"". 


OUTPUT 901 3 “C e 
NOTE 


Be sure to wait at least 10 seconds after executing the 
a ** command, before disturbing the equipment 
setup. This ensures that the instrument has enough time to average 
ten readings and that the calibration step has been completed 


properly 


q. After calibration is completed, send ‘‘REF__’’” again and read the results to deter- 
mine if any error occurred and to observe that the temperature is within the ambient 
temperature range (20°C to 30°C). If the temperature is out of the specified range, try the 
temperature calibration again. If an error is detected, go paragraph 1-4-42 to determine what 
the error is. Once the error is determined, perform the appropriate action as suggested in 
the paragraph. To send ‘‘REF__”’ and read the temperature, execute the following pro- 
gram lines. 


OUTPUT 901 ; ““REF ? 
ENTER 901 ;A 
DISP A 





r. Repeat this procedure for each slot with a Multiplexer/ Actuator Assembly requiring 
calibration, making sure to identify the correct channel address in steps |, m, and q. 


s. This completes the calibration procedure using the HP 3456A. Return the calibration 
enable switch (S501 segment #8) to the up position, unless you are going to perform another 
calibration procedure. 


1-4-66. Temperature Calibration Procedure Using the HP 3421A. To calibrate the 
temperature function using the HP 3421A, perform the following procedure. The semi- 
automated test and calibration procedures in paragraph 1-4-67 can be used instead of the 
following manual procedure, if the HP 3421A Calibration and Test Cartridge (HP Part 
Number 03421-10001 Rev. C or higher) is available. (Note: Only Rev. C or higher tape will 
operate correctly with the Temperature Calibrator Board.) 


a. Identify the slot(s) with the Multiplexer/Actuator Assembly to be calibrated (slots 0, 
1, and/or 2). 


b. Make sure the rear panel calibration switch (S501 segment #8) is in the up position. 
Then press the HP 3421A front panel switch to the off position and unplug the instrument’s 
power cord. 


c. Remove the black rear panel strain relief bar on the slot(s) to be calibrated by loosen- 
ing the two captive screws that hold each in place. 
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in this procedure you are directed to rernove power from the HP 
3421A. Always make sure the calibration enable switch (S50] seg- 
ment #8) is in the up position before the Model 3421A front panel 
switch is pressed off or ac power is disconnected. Failure to do this 
could cause the calibration RAM constants to be altered requiring 
complete recalibration of the instrument. 


if an HP-IL controller is used that has the ‘‘Auto Off’’ feature, 
such as is available with the HP-71B and HP-75C/D (i.e., the con- 
troller automatically turns off if not used for a certain amount of 
time and in turning off executes a loop power-down), make sure 
the controller does not turn off when connected to the HP 3421A 
with the calibration enable switch in the down position. If the con- 
troller turns off, the Model 3421A may unexpectedly go into the 
power down mode, This could also cause the calibration RAM con- 
stants to be altered requiring complete recalibration of the 
instrument, 


d. Remove the grey ‘““‘WARNING’”’ safety cover(s) on the slot(s) to be calibrated by loosen- 
ing the two captive screws that hold each in place. 


e. Loosen the two captive screws holding the terminal block(s) to the Multiplexer/ Actuator 
Option board(s) and then remove the terminal block(s). 





f. Plug the Temperature Calibrator Board(s) (HP P/N 03421-66505) onto the Multiplex- = 
er/Actuator Assembly (or Assemblies) to be calibrated. Make sure the component side of 
the calibrator board is in the up position when plugging it onto the Multiplexer/ Actuator 
Assembly. 


g. Reinstall the grey **WARNING”’ safety cover(s) that was/were removed in step d. This 
ensures a more stable temperature for calibration. 


h. Plug the HP 3421A power cord into an ac outlet and press the front panel switch on. 
i. Allow the HP 3421A to warm-up for at least one hour. 


}. Key in and execute the following program. The program, as written, is setup to measure 
the temperature of the Multiplexer/ Actuator Assembly in slot 0. To measure the temperature 
of the assembly in slot 1, specify ‘‘TWO14”’ in line 40. To measure the temperature of the 
assembly in slot 2, specify ‘‘TWO24”’ in line 40. 


10 A= 1.285496378E-3 

20 B=2.360998857E-4 

30 C= 9.324409398E-8 

40 OUTPUT 901 ; ““TWO4” 

50 ENTER 901; R 

60 D=1/(A+ B*LOG(R) + C* LOG(R) + UA 3)-273.16 
70 D=INT(D*100 + .5)/100 

80 DISP ““TEMPERATURE IN DEGREES CELSIUS:’’;D 
90 END 
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k. The HP-85 should be displaying the temperature in °C. 
* |. Place the rear panel calibration enable switch (S501 segment #8) in the down position, 


m. Select the appropriate function, range, and channel by executing the following pro- 
gram line. Fill in the blank space with the appropriate channel number. If the Multiplex- 
er/ Actuator Assembly is in slot 0, send ‘‘REF4’’. If it is in slot 1, send ‘‘REF14’’. If it is 
in slot 2, send ‘‘REF24’’. 


OUTPUT 901 ; “REF . 


n. If after sending the ‘‘REF * command an error is detected (the HP 3421A front 
panel LCD error indicator is on), the error is most likely caused by an uncalibrated Multiplex- 
er/Actuator Assembly. The error should disappear after completing the temperature calibration 
(step oO). 


o. Execute the following program line, filling in the blank spaces with the temperature 
displayed on the HP-85 (step k). The decimal point in the temperature reading is optional. 
However, the two leading 0’s are necessary. For example, if the temperature reading is 27.95°C, 
send ‘*C002795’’ or ‘*C0027.98’’. 

OUTPUT 901: “*C - 


NOTE 





Be sure to watt at least 10 seconds after execuling the 
Ge ’ command, before disturbing the equipment 
setup, This ensures that the instrument has enough time to average 
fen readings and that the calibration step has been completed 
properly. 





p. After calibration is completed, send **REF _”’ again and read the results to deter- 
mine if any error occurred and to observe that the temperature is within the ambient 
temperature range (20°C to 30°C). If the temperature is out of the specified range, try the 
temperature calibration again. If an error is detected, go paragraph 1-4-42 to determine what 
the error is. Once the error is determined, perform the appropriate action as suggested in 
the paragraph. To send ‘“‘REF____”’ and read the temperature, execute the following pro- 
gram lines. 


OUTPUT SUI 3 “REE " 
ENTER 901 ; A 
DISP A 


q. Repeat this procedure for each slot with a Multiplexer/ Actuator Assembly requiring 
calibration, making sure to identify the correct channel address in steps }, m, and p. 


r. This completes the calibration procedure using the HP 3421A. Return the calibration 
enable switch (SSO1 segment #8) to the up position, unless you are going to perform another 
calibration procedure. 
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1-4-67. SEMI-AUTOMATED TEST AND CALIBRATION PROCEDURES 


1-4-68. The semi-automated test and calibration procedures require the HP 3421A Calibra- © 
tion and Test Tape Cartridge (HP Part Number 03421-10001 Rev. C or higher). This tape 

cartridge contains routines to perform the performance tests and calibration of the Model 

3421A using the HP-85 computer. It also has procedures to test and calibrate the Multiplex- 

er/Actuator Assembly, and to test the Digital 1/O Assembly. The tape also includes a loop 

test that can be used to repeatedly exercise the Model 3421A’s dc volts, ac volts, and ohms 

functions. This test is useful in detecting intermittent errors. The HP-85 computer is used 

to print a permanent record of the test results. 


1-4-69. The test equipment used for the semi-automated procedures is the same as the equip- 
ment used for the manual procedures (see Table 1-4-1). One thing to keep in mind is that 
the Temperature Calibrator Board (HP Part Number 03421-66505) was not shipped with 
older HP 3421As and HP 44462As. If that is the case, use a Revision B and lower HP 3421A 
Calibration and Test Tape Cartridge for the temperature calibration. If the Temperature 
Calibrator Board is available, use a Revision C or higher tape cartridge. The semi-automated 
procedures leads you step-by-step with menu oriented prompts and displayed messages. This 
makes it faster than the manual procedures and reduces possible errors. 


1-4-70. If an ac or de source is used that is not listed in Table 1-4-1, manually set it to the 
appropriate output as prompted by the program. 


|-4-71. The routines on the tape cartridge are intended to be self explanatory. Most responses 
tO prompts are made with the HP-85 special functions keys. In some cases a keyboard response 
is required, Setup diagrams for the interconnections of the various test equipment are displayed 
on the HP-85. Although the figures indicate that the HP 3421A is controlled over HP-IL, 
it can also be controlled using HP-IB, if the appropriate HP-IB option 1s present. Messages 
will also be displayed to show when the connections are to be made and, if necessary, how 
to manually set the sources. 





1-4-72. Instructions for Running the Semi-automated Procedures 
|-4-73. To run the tape cartridge program, do the following: 

a. With the HP-85 turned off, turn the HP 3421A on. 

b. Insert the tape cartridge into the HP-85. 

c. Turn the HP-&S on. 

d. The program will now load which is indicated when the amber light on the HP-8&5 1s 
on. After the amber light goes out, the program is loaded. Following the loading of the pro- 
gram, a brief period of inactivity follows. Do not strike any keys. The computer is, at that 


time, interpreting the BASIC program lines and will prompt when this is complete. When 
it is completed, the program will then run. 





| -4-48 


HP 3421A Performance Verification and Calibration 
1-4-74. Special Function Keys 


+ 1-4-75. The special function keys are the major source of interaction with the program. They 
will determine which operation is to be performed. The bottom two lines of the HP-85 display 
correspond directly to the special function keys on the HP-85 keyboard. The bottom line 
of the display indicates the labels for the unshifted keys (K1 through K4); the upper line 
displays the labels for the shifted keys (KS through K8). 


1-4-76. Selecting Performance Tests or Calibration 


1-4-77. When the program runs, the HP-85 will display information and instructions for 
selecting either calibration (cal) or performance verification (pv). After selecting one or the 
other, you will be asked if you need a copy of the equipment setup figures. After these selec- 
tions are made, the proper routine (either “‘CAL21”’ or ‘*PV21’’) will be loaded and prepared 
for execution. 


1-4-78. Performance Verification. When the performance verification program 1s run, all 
steps should be self explanatory. 


1-4-79. Calibration. This program initially asks for inputs that will aid in record keeping. 
These include the date, HP 3421A serial number, and your name. After the desired infor- 
mation has been entered, press the END LINE key. Next, this program asks for the HP 3421A 
instrument address (HP-IL or HP-IB). Again enter the requested information and press the 
END LINE key. 





1-4-80. The next step in the calibration procedure is to set the rear panel calibration enable 
switch (S501 segment #8) to the enable position (down). Unless this switch is in the enable 
position, the CAL Switch Enable Menu will reappear in the display. 


1-4-81. An uncalibrated slot will cause self test 0 to fail at power on. If this occurs, press 
the SKIP special function key. This will clear the error indicator. 


1-4-82. When the calibration menu is displayed, make a selection using the special function 
keys. The calibration routine selected will request any additional information needed to per- 
form the desired calibration. 


1-4-83. At the end of any given calibration routine, you can either return to the calibration 
menu or exit from the calibration procedure. Once the calibration procedure is exited, the 
performance tests can be run by pressing the appropriate special function key. 


1-4-84. Temperature Calibration. Temperature calibration is performed for each Multiplex- 
er/Actuator Assembly that is installed. The temperature calibration should be performed 
with the HP 3421A in the same physical position in which it will be used. That is, if the 
HP 3421A is to be operated in the horizontal position to make temperature measurements, 
calibrate it in the horizontal position. If it is to be operated in the vertical position, calibrate 
it in the vertical position. This is necessary because of temperature gradients inside the HP 
3421A case that could cause errors in temperature measurements. 





|-4-49 


Performance Verification and Calibration HP 3421A 
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NOTE 


The calibration RAM portion of seif test will always fail if a 
Multiplexer Option occupies a slot that does not contain calibra- 
tion constants for the temperature function. 


The factory places 25.00 °C calibration constants in RAM for all 

slots, including empty slots and slots with Digital I/O Assemblies. 

To ensure temperature measurement accuracy, it is recommended 

that the temperature function be recalibrated for each installed 

Multiplexer Assembly when operating at temperatures other than 

eo. “6. 
[-4-85. An abnormal condition can cause the program to hang-up. To rerun the program, 
do the following: 


a. Return the HP 3421A calibration enable switch (S501 segment #8) to the up position. 
If this is not done, the current contents of the calibration RAM could be altered. 

b. Press the HP 3421A front panel switch off. 

c. Press the HP-85 RESET key. 

d. Press the HP 3421A front panel switch on and wait for self self test to be completed. 

e. Press the HP-85 RUN key. 


1-4-86. Temperature Sensor Verification 


1-4-87. The functional operation of the reference temperature sensor of each Multiplexer/ Ac- 
tuator Assembly in the HP 3421A should be verified after any repair to the Model 3421A. 
Temperature calibration may not be necessary if the verification shows correct operation. 
The verification can be performed by executing a ‘‘REF’’ command for each Multiplexer/Ac- 
tuator Assembly installed in the Model 3421A. The temperature returned should be approx- 
imately room temperature in degrees C. The following program can be used to verify the 
operation for the maximum number of Multiplexer/Actuator Assemblies (i.e., 3) installed. 
The program requires an HP-85 computer. 


10 OUTPUT 901 ; ‘*RS”’ 

20 OUTPUT 901 ; ‘‘REFO”’ 

30 ENTER 901; A 

40 PRINT ‘REF TEMP FOR SLOT 0 = ":A 
50 OUTPUT 901 ; REF10”’ 

60 ENTER 901: A 

70 PRINT ““REF TEMP FOR SLOT I = °’;A 
80 OUTPUT 901 ; ‘*REF20’’ 

90 ENTER 901; A 

100 PRINT ‘‘REF TEMP FOR SLOT 2 = **:A 
LIQ OUTPUT 901 ; “RS” 

120 END 


NOTE 


The “RS”’ command in line 110 assures that the temperature sen- 
sor (on the last Multiplexer Board) is turned off. If left on over 
an extended period of time, internal heating of the sensor can oc- 
cur. This could yield erroneous readings if/when the program is 
rerun. 

















SECTION V 
ADJUSTMENTS 


1-5-1. This section normally contains instrument adjustment procedures. Since the Model 
3421A has no adjustment procedures, there is no adjustment information in this section. 
There is, however, a configuration jumper used to select the proper power line voltage and 
50/60Hz line rejection switch. These topics are explained in Section II of the chapter. There 
is also an electronic calibration procedure explained in Section IV. 











SECTION VI 
REPLACEABLE PARTS 


1-6-1. INTRODUCTION 


1-6-2. This section has information for ordering replaceable parts. Table 1-6-1 lists the ab- 
breviations used in the parts lists. Table 1-6-2 contains the names and addresses that corres- 
pond to the part manufacturers’ five digit code. Tables 1-6-3 thru 1-6-7 lists the replaceable 
parts in reference designator order for the 3421A mainframe and its plug-in options. The 
tables are separated as follows: 


HP 3421A Mainframe - Table 1-6-3. 

HP 44462A (Options 020, 021, and 022) - Table 1-6-4 
HP 44465A (Option 050) - Table 1-6-5 

HP 44461A (Option 201) - Table 1-6-6 

Option 214 (Power Adapter Option) - Table 1-6-7 


1-6-3. Replaceable Parts 
1-6-4, The information listed in Tables 1-6-3 thru 1-6-7 consists of the following: 

a. The HP Part Number and Check Digit. 

b. The total quantity (Qty) used on the pe board and/or the total quantity used at loca- 
tions other than the pe board. The total quantity for each part is given at the first appearance 
of the part number on the parts list. 

c. The description of the part. 

d. A five digit code that indicates the typical manufacturer of the part. 

e. The manufacturers’ part number. 

1-6-5. ORDERING INFORMATION 

1-6-6. To obtain replacement parts, address your order or inquiry to the nearest Hewlett- 
Packard Office. Office locations are listed at the back of this manual. Identify parts by their 
Hewlett-Packard Part Number. Also include instrument model and serial number. 


1-6-7. NON-LISTED PARTS 


1-6-8. To obtain a part that is not listed in Tables 1-6-3 thru 1-6-7, include the following 
information. 


Instrument Model Number. 
Instrument Serial Number. 
Description of the part. 

. Function and location of the part. 
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1-6-9. PARTS CHANGES 


HP 3421A 


1-6-10. Components which have been changed are so marked by one of three symbols; i.e., 
A, A with a letter subscript, e.g., Aa, or A with a number subscript, e.g., Al0. A A with 
no subscript indicates the component is the preferred replacement for an earlier component. 
A A with a letter subscript indicates a change which is explained at the bottom of the page. 
A A with a number subscript indicates the related change is discussed in backdating (Section 
VII). The number of the subscript indicates the number of the change in backdating which 
should be referred to. 


ABBREWLATIONS 


Table 1-6-1. Standard Abbreviations 





) Ag _.. silver Hz erties (cycleis) per second! HPO Hagative positive pero | oe 1 fics side 
) Al aluminium (zero temperatura coefficient) SPOT einghe-pole choubbe- throne 
A amperce(s) ID. inside dianveter | ranosecond(s}! = 10-9 seconds SPST . single-pele single-throw 
Pui. . gob rrepg impregnated rst not seperately replaceable 
incd ‘ care eat Ta. - ... . ftentadiunn 
a capacitor irs imc eel | a. ela 4: orn s| Te: . .., temperature coefficient 
cer. Ceramic abd ander by description Tis . Tteinhum dioxide 
| cot coefficient kel. kilohmis} = 10+ 3 ohms oo outside diameter tog... ... foggie 
oom commen kHiz kilohertz = 10+ 3 hertz bol tolerance = | 
| connp eompoation B.. me peak, trim 4... timmer | 
conn coOnMechan L mduchor pA picoamperals! TSTR .. wansistor = | 
lin linear taper pe .ee eee. Bhinted eircuit | 
dep deposited leg logenthmac taper pF. picotaradis) 10-12 farads ye a aes: ati wf , woltts] | 
DPOT double-pole dowble-throw Biv nook inverse voltage Wace alternating currant working voltage | 
DPST double- pole singie-thinow ma mibliampercia) = 10 - 4 arnperes pa Ws part of var , Cee ape eee ee a ea ew lel eal hae 
MHz megahertz = 10+6 hertz pos ... positlon(s) vdiow _, direct current working voltage 
elect. electrolytic MAT] megohmis! = 10+ © ohms poly. _. .. Polystyrene 
encap encapsulated meat fle : metal film pat potentiometer Vv tp hace Ge Pad ‘wart! s) 
mfr reer hac thurer p-p peak-to-peak wel : : Let .. wth 
F faradi(s) ms millisecond ppm... parts per milliqn wiv .. Working inverse voltage | 
FET fell effect iranaistor mtg . Moin tire prea precision (temperature coefficient, wei Ss o. . welthone 
Fudd fixed rms! millivaltis! = 10-3 vols tong term stability and/or tolerance) a Wirewourd 
nF microfaradis| 
| GaAs gallium arsenide a mictodecond(s) A .. Fesistor 
GHz gigahenz = 10+ 9 hertz uv microveltts} = 10-4 volts Ah rhodium 
! od queardii acl) my eu Ntyier () rns hoot-MeBen-squere optimum value selected at factory, 
Ge. germanium . rot _. HOTEry average value shown (part may be omitted) 
gqnd groundlad} rif nancampereis) = 10 _ 9 emiperes 4 . fo standard type number asaagned 
Nt normally closed Se Selene selected or specie! type 
| oH hairy (ies he neon mG! sectionis| 
Ha Prercuiry No normally open 5i silicon () Dupont de Nemours 
I 
DESIGHATORS 
A assembly FL fikter oO . Tangsistor rs terminal anni 
8 motor HA oo.) eater OCR transistor-diodea u microckrowit 
AT battery i integrated circuit Ria) registor( pack! VW VACUUM tube, neon bulb, photocell, ete, 
Cc we rapachtor J jack AT 24 ... thenmister WW 7 tw ie as ae tee . Gable 
CA diode or thyristor BS oe as ie oe EA ee ee . relay 5 . switch E.., ., socket 
DL delay ling L ; bra cher T translonmer xDS. . Lampholder 
0g larrep Mi meter Ta. terminal board ME _. fuseholder | 
E misc electrone: part MP... 5c rh mechanical part Tc thermocouple ¥. crystal | 
EF fuse FP : plug TP test pout . etwork 


Table 1-6-2. Code List of Manufacturers 





Address 


Tokyo, JP 
Cleveland, OH 44117 
Pickens, SC 29671 
Milwaukee, WI 53204 
Dallas, TX 75222 
Whippany, NJ 07981 

| Phoenix, AZ 85008 

| Santa Clara, CA 95050 

| Mountain View, CA 94042 

| Burlington, IA 52601 
Sanford, NC 27330 
Berne, IN 46711 
Boone, NC 28607 
Hicksville, NY 11802 
Mineral Wells, TX 76067 
Bradford, PA 16701 
santa Clara, CA 95051 
Palo Alto, CA 94304 
Somerville, NJ 
Mountainview, CA 95051 

| Sunnyvale, CA 94086 

| North Adams, MA 01247 

| St. Louis, MO 63107 
Philadelphia, PA 19108 
Des Plaines, IL 60016 


Manufacturer Name 


Nippon Electric Co. 
Addressograph Multigraph Corp. 
Sangamo Elec. Co. S. Carolina Div. 
Allen-Bradley Co. 
| Texas Instr. Inc. Semicond Cmpnt. Div, 
| K DI Pyrofilm Corp. 
| Motorola Semiconductor Products 
| Precision Monolithics, Inc. 
Fairchild Semiconductor Div. 
TRW Inc. Burlington Div. 
Cornell-Dubilier Elek Div Fed Pac 
CTS of Berne Inc. 
TRW Inc. Boone Div. 
General Instr Corp Semicon Prod GP 
Mepco/Electra Corp. 
Corning Glass works (Bradford) 
| National Semiconductor Corp. 
Hewlett-Packard Co. Corporate HO 
RCA Corp. Solid State Div. 
Intel Corp. 
Exar Integrated Systems Inc. 
Sprague Electric Co. 
Bussman Mfg. Div. of McGraw-Edison Co. 
TRW Inc. Philadelphia Div. 
Littlefuse Inc. 
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Table 1-6-3. HP 3421A Replaceable Parts 


Description ide . 









Reference HP Part jc 
Designation Number |° 






Mfr Part Number 






ALLS 03421-66511 | 7 HOTHERBOARD AGSEMBLY CERC 2518) 








“6450 3421-66511 





















ALETSO1 1420-0278 - BATTERY 3Y .72A-HR LIYS DIOX W FLEX “480 1420-0276 



















ALCiD14 §140-4436 
ALCiOe 8160-4438 
A1C103 0160-4461 


8 48 f 
“H4a0 
eb 4oo 


CAPACTITOR-FAD 470PF 4-2.5% 160VDC POLTP 
CAPACITOR-FXD 470P°F 4-2,.52 160VDC POLYP 
CAPACITOR—-FXD 150PF #+-2.52% 160VDC POLYP 


O160- 4438 
Q160-4430 
140 4461 






or & 




























—_ 


ALC201 1460-3456 CAPACITOR-FXD 100PF 4-102 SOVDC CER 2A480 0160-5556 















































ALC2O0e 0160-4842 4 CAPACTTOR-FRD .OLUF #-10% 100VBC CER oH 460 9150-4832 
ALC2OS 01460-4832 P| CAPACITOR-F¥D .,O1UF +-10% i180VDC CER 2A 4st 0160-4832 
A1C204 01460-4571 8 CAPACTTOR -FXD .1UF #60-20% SOVDC CER 7O460 0160-457 1 
ALC205ai3 oiyvo-od71 6 CAPACITOR-FXD 4Y/7OCPF 4-103 4tOoVoC P4414 BR SUWH FOG 
Al1C301 O180-0374% 3 CAPACTTOR--FEXD LOUF 4+-1L0% Z2OVDC. TA 56769 150D108X90zube 
A1lCHO2 0180-02710 by CAPACILTOR-FXD 3.3UF 4+-20% 15VDC TA 56289 150D5355xX0015A2 
ALCIS 0180-0271 a CAPACITOR-FRD 1UF 4-102 S5VDC TA Silo? 15ODIOSXPOSSAL 
ALTGSO4 H1ia0-0228 fi CAPACITOR-FXD 2EUF Pr -10% 1TSVDC TA Boeo? Lede e ok Pa abe 
ALCIOS 0180-0220 fs CAPACITOR<-FED 22UF+-10% iS5VBC TA Boacn? 1S ODES OLaBe 
Aic4ii hidb0-4571 i CAPACITOR=FXD .1UF +80-20% SOVDC CER #8480 0160-4571 
ALC4Ie 9160-45971 8 CAPACITOR-FxXD .1UF +680-20% SOVDt CER fh480 i6t—-457 1 























ALC4D4 0140-4571 iS CAPACITOR -FXD .1UF 480-20% SOVOC CER ett 4d 160-4571 
A1C403 160-4971 8 CAPACITOR=-FXD .1UF +60-20% SOVDC CER fH400 0160-4971 
AIC4O46 0160-4571 8 CAPACITOR FXD .1UF +80-20% SOVDC CER 2o4e8o0 0150-4571 
ALC4LO H160-S492 a CAPACITOR-FRD 1S00PF 400VDC baad 0100-5392 


A1C411 0150-4614 CAPACTTOR—-FAD 1S0PPF 6-52 190VDC CER eo4bo 0160-4014 









































ALC412 H160-4830 = CAPACITOR-FXD 2200PF 4-102 100VDC CER Pe4ew 0160 4630 

A1C430 0160-48ed ct CAPACTTOR-FKO BeOPF +-Sk TOOVEC CER eae ot 01450-4025 

ALC434 0160-46832 4 CAPACITOR-FRE .OLUF +-10% 1O00VDC CER eU4eag 0180-4642 

AICSOS 1160-4600 f CAPACITOR-FXD 1f0PF #-S% LOOVBC CER 8460 160-4809 
8 


AlCSO4 0160-4971 CAPACITOR@-FXD .1UF +80-20% SOVDC CER 8408 F160: 4574 





































AICSOS 160-4571 ct CAPACITOR: FAD .10F +8@0-20% S0VDC CER . 4B Oo 0160-4571 
ALCSO6 His0-—40350 2 CAPACITOR-FXD 2200PF +-10% 100VNC CER 26480 O160-. 4830 
AICSO? 0140-4571 8 CAPACITOR -FXD .1WF +80 -20% SOVEC CER e460 0160-4571 
ALCS08 0160-4571 3 CAPACTTOR-FXD .1UF #60-20% Sovpc CER 246g M160- 4571 
AICSOF 0160-4571 CAPACTITOR-FXD .1UF raf -20% SOVDC CER cabo hiso-4571 































AICS 160-4571 8 CAPACITOR<=FXD .10F +80-20% 30VDC CEE tba H1é0 4571 
ALC OTT hi6d-4802 8 CAPACITOR-FXD A2PF FSX 1O0VUDC CER De 30 e480 01450-4802 
AICSle Hi140-4790 3 CAPACITOR-FXD 12PF #+-SX 100VDC CER Q4- 30 ef 4eg H160- 4790 
A1CS1a 0180-0271 3 CAPACITOR-FXD 1UF+-10% 35V0C TA woe tt F LSOD LOS %90 s5Aac 
A1CS14 0 160~+4971 8 CAPACTTOR -FXD .1UF 480-204 S0VDC CCR of 48 0 O10 -457 1 























ALCS1TS 0140-4571 i CAPACITOR-FXD .1UF ¢*S80-20% SOVDC CER 26460 H1iG0-457 1 
A1LCo16 01469-4571 B CAPACTITOR-FXRD .1UF #80-20% Savnc CCR O48 0 0160-49571 
AICS1? 0180-0430% 4 CAPACITOR-FXD 4.7UF¢-20% 10VDC TA woe tl? 12b4aFSak dod dae 
ALCS1TH 44 0160-45001 7 CAPACITOR -FXD LOOPF +-S% 100VDC CER ch46o 160-4604 
ALICS1T9A3 0160-3847 vd CAPACITOR -FXD ,O1UF +100-0%4 SOVDE CER fae ol hied-s04/ 










































ALCS31 H1ibo-0407 4 CAPACITOR-FXD 4.7UF+-20% 10VDC TA Sh Ve LSODa7SA00 1 OAS 
ALCS4045 0150-3647 ? CAPACTITOR-FRD .O1NF 6100 0% SOVDC CER e450 1160 3847 
A1CSE81 0160-4835 7 CAPACTTOR-FXD ,1UF 4+-10% SOVDC CER -O400 0140-4835 

AIC? OO 0190--G0495 ? CAPACITOR-FEKD 1100UF4+75-10% 40VDC AL 170235 UHI 1100-40 
ALC?O1 H180-0291 3 CAPACITOR-FAD LWF+-104% S5VDC TA a ra db PSOD1 OSAP OSSAae 


































AIC?7O0e 0160-0271 a CAPACITOR-FXD 1UF+ 102 J5VDC TA Noee? 1SODiOSe90 S542 
A1LLFOS 1180-0197 4 CAPACITOR-FXD 2.2UF+-104% e0VBC TA wrLoth LSODaa5x9Oe0ASe 
AIC?O4 p1id0-0177 a CAPACITOR -FXD 2.2UF + 10% e0VDC TA noch? LSND225X9 02 9AE 
ALCTOS 0160-0576 a CAPACITOR:-FXD .1UF +-20% SOVDC CER HB4Aao 1160-0576 
AIC?TO6 H160-06%e i GCAPACITOR-FXD 220UF 1S0°10% 35VDC Al Ho4e4 SOVESL ae O 





























AILC?TO7 0180-03097 4 CAPACITOR-FxXD 4.7UF+-20% i10VDC TA wii isi D4ayaRk OO Tae 
AICVOE 0180-2686 4 GAPACITOR-FXD 470UF4+100--10% 25VDC at hagas SOTKER 47 LU02SB 
ALCO? 180-0309 4 CAPACTTOR-FRD 4. 7UF+-202% 10VDC TA So2OF 150n47S540 010A 
AIC?1O 0180-2803 # CAPACITOR-FXD 100UF?S0-10% SOVDC AL Baio 1189-2603 

7 


ALC714 b180-2603 CAPACTTOR-FXD 100UF+50-10% SOVDC AL 28460 0160-2603 

































A1lC?Yle $1390-0197 a CAPACTTOR--FXD 2.2UFr -10% 20VDC TA Gat LS0De25KF0 2 0A 
ALL?TLS 1460-0127 2 CAPACITOR-FXD 1UF +-20% SSVDC CER eO4ag 8160-0127 
ALCT14 bi60-0127 a CAPACITOR-FXD TUF +#-20% 254DC CER eo4eo GH150-0127 
ALOIS 0160-0127 2 CAPACITOR-FXD 1UF +-20% 2e5vbcC CER PHh480 0160-0127 
A1CY16 1460-0127 2 CAPACITOR-FXO 1UF +#-20% O3V0DC CER “H480 0150-0127 
































































ALCTIF b160-4183 & CAPACITOR: FED 1000PF 420% 250VAC(KME: 20460 1160-4183 
AICT716 hisd=4169 8 CAPACITOR-FXD 1LO00PF +-20% @50VAC(RMS) fh 480 0140-4183 
ALCT1IF 0160-0576 5 CAPACITOR=-FED .1UF +-20% SOVDC CER SA4B0 0160--0576 
ALCY20 Hié60-4847 7 CAPACITOR -FxD .S1UF +100-0% SOVBC CER ene og 0140-3647 
ALC721 25 0140--3847 9 CAPACITOR-FXD .OL1UF +100-0% SOVPC CER 26450 0140-3847 
ALCT22 46 0180-0197 o CAPACTTOR-FxXD 2.27UF +-10% 20V0C TA : L5SOD225X907uAL 
ALC 23A6 H1lad-f197 a CAPACI TOR-FXD 2,.2UF 4#-10% 2O0VBC TA L5abe75K9020A2 
ALCTFOAG O180-0228 f CAPACITOR-FRD @2UF 4+-10% L5SVDC-TA 1S0D?276X901582 
ALCRIO] 1901-0745 l PIODE-PWR RECT IN4SCO4 4OOV 1A DO-44 IN4004 
ALCRZ01 1907-0849 B DICDE-PWR REGT 1INGOO7 IKV 14 00-41 inN4Sdo0?7 
ATCRZO? 19027-0184 fy DIODE-2NR 16,2¥ 53% BDO-35 PO=.4W 14o2-0184 
ALCR3O00a5 1901-0050 3 DEODE-SWITCHING SOV 200MA 2NS DO-355 1901-0050 

5 





AICR3D1 1901-0050 DIODE-SWITCHING 80V 200MA 2NS DO-35 1901-0050 





See introduction to this section for ordering information 
*Indicates factory selected value 
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Tabie 1-6-3. HP 3421A Repiaceable Parts (Cont'd) 






















Reference 


Designation Mfr Part Number 


Description 












































ALCR ADS 1? 0e-BF5? DIODE-2NR 11Y 32 DO-35 PD=.4W TCe+. 076% e430 1702-0759 





A1CRZ03 1902-0959 DIODE-7NR 11V 5% DO-3S PD=.4W TC=4. 074% naan 1902-0959 
ALCR401 5180-0222 IC-VR SL-63787 AGED 25480 5180-02722 
ALCR402 101-0050 DIODE- SWITCHING BOY POOMA 2NS DO-35 2a 460 1701-0050 


FOS 0751 DIODE-ZNR S.1V S% BbO-35 Po=.4W TC=+, 0352 eR4nd 1702-0751 


AITCRSO1S 



























































fe fe) bel ce CA Ge Gel fy 


ALCRS02 4 1? 02-0951 DIODE-ZNR S.1V 52% DO-35 PDe, 4W TC=+, 035% eo460 1¥02-0951 
ALCR SOS LPO o050 DIGDE SWITCHING GOV 200KA 2NS BO-35 e4e0 T?701-0050 
ALCRS06 1701-0050 DIODE-SWITCHING BOY 200MA 2@NS DO-35 cH 4ig 1701-0050 
ALCARS0? 1?02°1344 DIODE -ZNR 4.2V 2% 20-35 PD=,.25W 246 0 1702-1344 
ALCRS40 45 1701-0050 DIODE- SWITCHING 80V 200MA 2NS DO-35 “B480 1701-0050 



















































AICRS4145 101-0050 a DIODE SWITCHING BOV 200KA SNS DO -35 eH480 1701-0050 
AILCRS42 45 1701-0050 3 DIODE- SWITCHING BOY 2O0MA @NS DO-35 eo4hg 1701-60050 
AICRS44345 1701-0050 a DIODE SWITCHING BOY @O0KA 2N5 DO-35 e460 1701-0050 
ALCRS44 45 1701-0050 a DIODE--SWITCHING GOY 200MA 2NS DO-35 “Aang 1701-0050 
AICRS4545 1701-0050 3 DIQODE-SWITCHING BOY 2004A 2NS DO-aS ed4o) 19791-0050 









































































































ALCRSA1 1701-0050 3 DIODE: SWITCHING 80V 2O0MA 2NS pPoO-35 ?R460 1701-0050 
ALCRSB2 1701-0050 a DINDE-SWITCHING BOY 200KA 2NS DO-35 26480 1901-0050 
ALCRSSS 1901-0050 3 DIODE SWITCHING @0Y 200MA @NS DO-35 fH460 1701-0050 
ALCRSH4Ua6 1901-0050 3 DIGOE=-SWITCHING 8O0V 200MA 2NS~ BO-34 78480 1901-0050 
A1CR7 00 1901-0030 5 DIODE-PWR RECT [WS343 200V 1.54 FL585 IN5S393 
ALCRIO1 L901=-0030 5 DIODE=-PWR RECT INS393 200V 1.54 $L585 IN5393 
AITER?O2 1701-0838 5 DIODE-PWR RECT 1N5393 200V 1.58 SL.585 IWS37S 
ALCRIOS 1701-0038 5 DIODE--FWR RECT 1NS493 200) 1.5a4 aos INS APS 
ALCR?TO4 i?01-08348 a DIODEPWR RECT 1INS393 2o00V 1.54 SLS85 INSS7S 
ALGR?7O5 i?01-o0040 1 DIODE:-SWITCHING 30V SOMA @NS pPO-35 PA4EO 1701-0040 
AICRTO6 101-0049 1 DIODE-GWITCHING 30V SOWA ANS BO-35 “450 1701-0040 























































ALCR7 OF 1701-0040 1 DIODE- SWITCHING 30V SOMA @NS DO-35 eh460 1?d1- 0040 
AICR OG 1?01-0049 1 DIODE=-SWITCHING 30 SOKA 2NS DO-35 A048 0 1701-0040 
ALGRT09 1701-0040 1 DIODE-SWITCHING 30V SOMA ONS DOORS e460 1901-0040 
ALCR? 10 1702-3054 a DIQODE-ZNR 3.65 52% 20-35 Pp=, 4 eg46 1702-3054 
ALCR? 11 1901-0040 1 DIODE-SWITCHING 30V SOMA @2NS DO-35 eO480 17h1-o040 


































































AICR? Te iv01-N040 1 DIODE SWITCHING 30Y SOMA ONS BO-35 26480 1701-0040 
ALCRT1E i?0e2-1483 ? DIODE.-ZENER 15,54 26450 1902-1363 
AICR?14 L?702-0184 DIODE-2NR 14,.2V 32% DO-35 Pd=,4W -B480 1702-0184 
ALCOR TS 1702-0184 DIODE -ZNR 16.2°V 5% DO-35 Pb=,4W fH4eo 1702-0184 
ALLR 16 1702-0049 DIOGE-ZNR 6.81V SX DO-35 Poe, 4W “b4b0 ivte-0048 


































ALCKR? 1? 1901-0836 DIODE: PWR RECT 1N5593 200 1.54 SLS05 INS39 3 
ALCOR? 1A 1702-0589 DIODE-ZNR 10V 2% DO-7 PD=.4W TC=+. poox e848 1702-0589 
ALCR?T19 1701-0040 DIODE-SWITCHING 30¥ SOMA @NG DO 3S eH4e0 17h1-o040 

















1970-0106 
1610-0307 


SURGE VOLTAGE PICTR 
NETWORK-CNDCT MODULE DIP; 14 PINS; @.108 


e480 
“8460 


19 /0-0100 
1810-0307 


ALEDO1LAL? 
ALESO1 






























412002 
MEL 15/166 


furis 
71400 


2110-0002 
2110-0320 


FUSE 2A 250V NTO 1.25X%.25 Ub 
FUSE .15A 250V TO 1,25X%.25 UL 


ALP? oo 
ALF ?O 





















ALFPC?O1 “110-0565 FUSENHDLDER CAP i12A MAX FOR UL A480 2110-9565 

























e110-0643 
110-0642 


ALP? OO 
ALFX?O1 


FUSEHOLDER-CLIP TYPE 154 250 v 
FUSEHOLDER -EXTR POST 46.3A 250V baAY CAP 


af450 
re4ao 






2110-0643 
“110-0642 


























ALHS 700 1c0S-0446 HEAT SINK SGL TO-3-C5S cO40 T2e045-0446 





wd 















































AIT1O0 teo1-7ES? a CONNECTOR-4-POLE MP.2 ST 28480 1251-7857 
ALI104 t2si+0608 0 CONNECTOR=-SGL CONT PIN 1.14 MM-BSC- S7 SQ 2480 1eol 0660 
ALJLo2 Lleol -0600 i CONNECTOR-SGL. CONT PIN 1,14-4M BSC-S?27 5a @f4eo0 eo)-0600 
ALIS 1251-0600 0 CONNECTOR-SGL CONT PIN 1.14-HM-BSC-S7 SQ aoa Leol-0600 
A1J104 1251-0600 f) GONNECTOR-SGL CONT PIN 1,14-MM-BSC-S27 SO “8480 1251-0600 











































ALI110 1251-7857 CONMNECTOR-~4-POLE WP,.2 ST 2348 0 1251-7857 











ALT120 L231 -78o7 CONNECTOR-4-POLE WP.2 ST e400 1251-7657 
A1 7500 1200-0854 SOCKET-IC 14-CONT DIP DIP--SLDBR fH4080 1200--9854 
ALIS01 1200--0854 SOCKET-IC 14-CONT DIP DIP-SLDR 23480 1200-0054 
ALJ502 1200-0054 SOCKET~IC 14-CONT DIP DIP. SiLDR a0 460 Tetd. 084 














































1251-4662 














AlJo0.3 1251-4662 CONNECTOR 3-PIN M POST TYPE <S460 






Sef 9 50 ig Le 


Ai F504 1251-44682 CONNECTOR 3-PIN M POST TYPE ©8460 Lest -4468e 
ALISOS 1251-54619 CONNECTOR 4-PIN M POST TYPE 23480 1251-3619 
AL F546 1200-0853 SOCKET-IC 16-CONT DIP BDIP--SLDR eH4ag 1200-0853 
ALI? OO 1251-4743 CONNEC TOR-AC PWR HP-? HALE REC FLG THRAP 2046 t) bend -4 743 



















































AlLJ701 1251-5061 1 CONNECTOR 2 PIN M POST TYPE Haag 1251-5081 
ALI7Qe4e 1251-7467 1 CONNECTOR--SGL CONT GDISC-M .11-IN BSC-S2 8480 1251-7467 
ALI703 1251-06006 0 CONNEC TOR-SGL CONT PIN 1.14-HM-BHSC-5S2 5Q oiaeg 1251-0600 
ALI? 04 1251-0600 0 CONNECTOR-SGEL CONT PIN 1,.14-MM-BSC -G2Z 5Q =84B0 1les1-0600 
ALI70O5 1251-060) oh CONNECTOR-SGL CONT PIN 1.14-MM-BSC-5S7 SQ eo4ao 1251-04600 







































ALI? O6 Leni -O600 CONNECTOR’ SGL CONT PIN 1.14-HH-BSC-S7 59 @H48 0 1251-0600 
ALJ707 1251-0600 CONNECTOR-SGL CONT PIN 1.14°-MM-BSC-S?7 $0 “5460 1251-0600 
ALI708 1251-0600 CONNECTOR-SGL CONT PIN 1,.14-HH-BSC--37 59 @8480 1251-0600 
















































ALJIALOL 7175-0057 _ WIRE-REEL @e AWG 26460 7175-0057 
AlLIM1I02 7175-0037 oP WIRE-REEL 22 AWG @“B480 fi?e-O05? 
Al JA1O3 7179-00357 a WIRE-REEL 22 AWG eb4ot 7173-0057 
AlLIM201 7175-0057 bs WIRE-REEL 22 AWG “0460 ¥ 173-0057 
ALINSO1 7175-0057 a WIRE-REEL 22 AWG 26400 71735-0057 







See introduction to this section for ordering information 
*Indicates factory selected value 
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Tabie 1-6-3. HP 3421A Replaceable Parts (Cont'd) 


Je] on 


AW [ “64600 
AWG 28460 
AWG 28469 
AWG 26480 
AWG “A480 





HP Part 
Number 


Reference 
Designation 


Mfr Part Number 


7175-0057 
7L7S- 0057 
7173-005? 
7175-0057 
7179-0057 


WIRE-REEL 
WIRE-REEL 
WIRE-REEL 
WIRE~REEL 
WIRE REEL 


AlJAa0e 
Al IA401 
ALIM40e 


AL IR4a03 
ALIN4O4 


FivS° 0097 
7173-0057 
“175-0057 
7175-0057 
7i75-0057 


La En A ak 


rafd fa fo Po 
Po Pal Ad PP 


iF: 0057 
7175-0057 
7L7S° 0057 
7173-0057 
7175-0057 


WIRE-REEL 
WIRE-REEL 
WIRE-REEL 
WIRE REEL, 
WIRE=REEL 


Fila 26460) 
AWG 2848 0) 
Ald 28460 
AWE “G4B0 
Filelin 26450 


ALIASO1 
Alga ?oo 
ALFA? O1 
ALIA? Oe 
ALIA? OG 


7175-005? 
7175-0057 
7175-0007 
Fi7S-0097 
7175-0037 


che Oh oA or 
Pd fod ta Pd 
fi Po fo fo Pd 


5 le 


AbltS «46 0 
Abo 26460 
Pitts cB460 
Alls 28480 


7175-005? 
f175° 0057 
7175-0057 
7175-0057 


ra 


717S° 0057 
7175-0057 
7175-0057 
7175-005? 


WIRE-REEL 
WIRE—-REEW 
WIRE REEL 
WIRE REEL 


ALIA? O4 
ALTA? OS 
ALIANT D6 
ALIA? 07 


moh 


lth 
Eh 


CA onc en 
ro pot 


J 


2B480 
28480 
fRAB0 
2846 0) 


o470-1436 
0490-1336 
0470-1346 
0490-13356 


1470-1336 
OH490—1334 
G490-1336 
0470-1356 


RELAY S2EB-La-SV 
RELAY~S2EB-L2-S¥ 
RELAY Geb B-Lea-o¥ 
RELAY--S2EB-La-—S¥ 


ALK101 
ALK10e 
AIK1OG 
ALK 700 


rer o 








AVL2D1 
AlLso4 
AIL?O6 


ALPSO1 


AIQe01 
ALi202 
AlGgeS03 
A1LQ204 
A1Q205 


AL@S01 

Algsoe 
A1L1Q503 
A1Q504 
ALHQSOS 


AIGoOG 
ALaTOO 
Allg? O4 
ALTQ?O2 
ALG? HS 


ALa7O4 
ALG? OS 
AITG?706 
AIR? DO? 
AlQ7OGAG 
AIR 101 
ALR1IDe 
ALR103 
AIR1TO4 
A1R105 


AIR106 
A1R10? 
AIR LOB 
ALRI9 
AlR201 


ALR A202 
AlRe2OS 
ALR20455 
ALR2OS 
ALTR20645 


AlRSO0 
ALR301 
ALRSAGe 
ALRIS 
ALlR304 


ALRGOS 
ALRS06 
AILRS0? 
ALR SOEs 
AIRIOF 


AIRS1O 
ALR401 
ALR402 
ALR 403 
ALR 44 


ALR405 
ALIR4DG 
ALlR407 
ALR4A0R 
ALlR4aD 


7100-1651 
7100-14631 
9100-0539 


d120-3677 


1653-9516 
18653-0510 
1853-0510 
1853-0510 
1853-0278 


1854-0215 
1954-0215 
1654-0215 
1654-0071 
1653-0066 


16345-0066 
1653-0305 
1654-0071 
1853+ 0320 
1854-0071 


1833-0320 
1B54-D215 
1854-0071 
16954 0071 
1854-0071 
bbbs-S135 
1686-5135 
bébe—-S145 
0496 -5135 
heb6-S1355 


1686-9139 
498-6520 
0686-5155 
0586-5135 
5180-0221 


0683-2445 
Noig-2445 
04585-4715 
1403-4325 
0683-1535 


fo?h-4157 
0698-4157 
Hor?-1009 
Hé?e— 1008 
0479-1007 


0679-3256 
o757-0447 
1678-4498 
Db9?-0832 
0499--3279 


676-3154 
O0®83-1655 
0470-8453 
0678-4539 
O7S7-047e 


0757-0465 
0678-3228 
0683-8255 
0663-1005 
757-0415 


== fo Ci LA roo 2 


ud wos Haj fe“osy Sod = Gf OO po 


ees 


FRreeroee 


= 5) =) & Cf 


a es 


i Fh 0 


INBUGTOR RF-CH -ALG YS0uH 3% 208.456 
INDUCTOR RF=CH-MLD SOUH 5% .166DX%.385i¢6 
INDULTOR (HISC ITEN) 


CABLE ASSEMELY-DISPLAY 


TRAND TOTOR 


TRANSISTOR 


TRANSISTOR 
TRANSISTOR 
TRANSISTOR 
TRANSISTOR 
TRANSISTOR 


TRANSISTOR 
TRANSISTOR 
TRANSISTOR 
TRANSISTOR 
TRANSISTOR 


TRANSISTOR 
TRANSTSTOR 
TRANSISTOR 
TRANST STOR 
TRANSISTOR 
RESISTOR S 
RESISTOR & 
RESISTOR 3 


CN6SeO) (SELECTED) 
TRANS ISTOR-2N6520 (SELECTED) 
TRANS ISTOR-GNOSe) (SELECTED) 
TRANSTSTOR-2AN46520 (SELECTED) 
I-FET N-CHAN D-MODE TO 72 


SPA 
NP 
MP hd 
NP 
PAP 


NF 
PNP 
NIP iN 
FMP 
NPN 


PAE 
NPN 
NPN 
NP i 
NPN 
1K 52 
iK 52 
1K Sf 


RESISTOR 51K 5% 


RESISTOR 3 


ESTISTOR 5 
RESISTOR 5 


1K SA 


ik Ox 
K «lk 


RESISTOR Sik Sa 


RESISTOR 3 
RESISTOR 4 


RESIETOR 2 


ik Sa 
oK wi 


40 oO 


SI 
a1 
G1 
SI 
SI 


a] 
aM 
sh 
ah 
1 


ria 
1 
ST 
ol 
ol 


' 


PR=350hMW FT=300MH2 
PD=350RW FT=S00miz2 
PD=350hW FT=200K112 
PD=300MW FT=200KH2 
TO-fe PD=425hW 


TO-92 PD=625hW 

3875 SI TO-3 PD=150u 
PD=300hW FT=200MiN12 
4032 51 TO-S PD=800hu 
PD=300KW FT=200RHZ 


4032 5ST TO-5 PD=680 04H 
PD=350eW FT=S00KH2 
PD=300MW FT=200MHZ 
PR=S300RhW FT2200Mii4 
PO=300MW FT=200MHZ 

ao CC TC=04765 

oW CC TC=0+765 

od CO TC=04765 


SW COC TC2t'?765 
.oW CO TC=0+765 


-aW CC TC=O+745 


1254 F TC#0+-25 


.oW CO TC=0+765 
ow CC TC=0+765 


% 


* 


RESISTOR 240K Sz 


RESISTOR 4 


70 3A 


IW F TC#04-3 AGEL 


,eubW FC TC=-800/4900 
.25W FC TC=—-800/+9700 


cco FO Ths-400/4+600 


RESISTOR 4.0K o4 


RESISTOR 1 


RESISTOR 1 
RESISTOR 1 
RESTSTOR-F 
RESISTOR-F 
RESTSTOR ~F 


RESISTOR 5 
RESISTOR 1 
RESISTOR 43 
RESISTOR 2 
RESISTOR 4 


RESISTOR 4 
RESISTOR 1 
RESISTOR G@ 
RESISTOR 4 
RESISTOR 2 


RESISTOR 1 


ESISTOR 47.9K 12% 


SK 32 


oxK 1 


a 


z 


OK .1% 
KD 25.2h OHH .1% Te 
MD 12.6 OHM .1% Te 
KD &.4K OHM .12% Te 


i abl 
6, 2k 
3, &k 
mM 1% 
«99K 


ook 
.68 3 
ook 1 


1% 
1% 
1% 
ok 
1A 


1% 


Xe 
* 


02k 1% 


ooK 1 


” 


OOK 1% 


RESISTOR 8.2m Sx 
.2oW FO TC=-400/+500 


RESISTOR 1 
RESISTOR 4 


0 S2 
ao 1s 


2o FO TO=-400/4+700 
25W FC TC=-400/+800 


.1250 F TC=04+-90 
125W F TC=04+-59 


1256 F TC=0+-106 
1254 F Te=34-108 
125W F TC=0+- 1006 
25W F TtC=0+-100 
.125W F TC=04-100 


1250 Ff TC=04+-100 
cow FC TC=-F00/41106 
.125W F TC=0+-100 
1254 F TC=04+-100 
.125W F TO=o+-100 


1254 F TC=0+-100 
1254 F TC=0+-100 
,eoW FO TC=-900/41106 


1254 F TC=0+-100 


“B48 
re4en 
e460 


28400 


148 0 
eo4ed 
28430 
-B480 
“8460 


o4713 
o4713 
4713 
26460 
26480 


28450 
o4713 
2480 
7263 
“6460 


07243 
p4713 
#6480 
28480 
28480 
o1124 
o1i24 
01121 
01421 
o1121 


O1i21 
03088 
01121 
H1ici 
28480 


1121 
o1121 
O1121 
o1121 
O1ie1 


“8460 
eb4ot 
e840 
£480 
26460 


24546 
24546 
24546 
“A480 
2454 


24546 
H1%21 
268460 
“8400 
24546 


24546 
28450 
#1121 
$1121 
24546 


7100-1651 
7100-1631 
P100-00497 


8120-3677 


1953-0510 
1653-0310 
1653-0510 
1HS3--0510 
1855-02978 


eNarTh4 
CWS 704 
oNS?O4 
1654-0071 
16523--0066 


1653-0066 
eWooyS 
1654-0071 
eN40ge 
1654-0971 


2402 
ena? 04 
1LBn4—007 1 
1654-0071 
LB54-0071 
EBS135 
EBS135 
EBS135 
EBS135 
ERS135 


EBS135 
PRESS—-1/6 
EBRT3S 
ERS135 
5180-0771 


Che445 
CR2445 
CBA? LS 
Ch4 425 
CHiS35 


H676-4157 
1698-4157 
0679-1009 
1677-10068 
6797-1007 


TY S001 -b 


C4-1/8-Tl- S461 
C4--1/6-T0-1622 
C4-1/8-T0-S36e2- 


h679-0832 


C4-1/8-T8-4991- 


C4--1/8-TO-4221- 


CBi655 
0678-B353 
de7O-4539 


C4 -1/8-T0-2003-F 


c4-1/8-T0-1603-F 


676-3228 
CheeSS 
Chiodos 


C4-1/8-T0-475k-F 





See introduction to this section for ordering information 
*Indicates factory selected value 
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Table 1-6-3. HP 3421A Replaceable Parts (Cont'd) 


ts Mfr 
Description Code 





Reference 
Designation Qty 






Mfr Part Number 
















































A1R411 0463-1035 1 4 RESISTOR 10K SX .25u FC TG=-400/7+700 04121 CBLOaS 

ALR 412 0683-1035 1 RESISTOR 10K S2 .25W FC TC=--400/4700 1121 CEAOSS 

AIR 436 bY 37-D279 4 1 RESESTOR 3.01K 1% ,125W F The=0+-199 e454é C4°1/6:-T0O-3014-F 
ALR 4S? OF 57-0472 3 RESISTOR 200K 15 .125W F TC=0+-100 24546 Carls 8-TO-703.-F 
AIR SO3A5 DoHS - 242% Py 2 RESTSTOR 2.4K S2% .25W FOC Tle -400/+708 41121 Begs 

























































































ALR S0445 0683-2425 5 RESISTOR 2.44 S52 ,2@5W FC TC=-400/4+700 01121 Chr425 

ALRS05 0693-1045 a 4 RESISTOR 100K S% ,254 FC TC=- 4007/1800 biti Chi 045 

ALRSO6 0683-4725 2 10 RESISTOR 4,7K SX .25W FC Th=-400/+706 G11 C4725 

ALIRSO? hé?R--7aae 4 1 RESTOTOR 16 1% .1250 F Tl=0+-100 eR4at We SB? ae 
ALRS06 0683-3035 5 1 RESISTOR 30K 32 . 25 FO Tle-400/4too Q1ii CESO35 

ALRSO? lSta-LOa5 i RESTSTOR 10K S32 .25W FG To=- 4004/9700 hLlici Bt da5 

ALROLG beo3—1045) a RESISTOR 100K SX ,2350 FC Toe-40074000 Vite CHI 045 

AITRSii 463-1545 i 4 RESTSTOR 150K S24 .25W FC Tt=-800/4+709 o112y CR1iS45 

ALRS1ie 0é678--ar 7? A aA RESISTOR 1k 3% . 256 CL Tl=-400/7+700 HA4ag hava e777 

AIRS13 nvS7- 0420 5 A RESISTOR. 2.21 1% . 1250 F Te=04+--100 e4o46 C4 1/8-To-2eri F 











































ALRG14 0693-4725 Fad ELSISTOR 4.7K SA ,25W FC TCe-400/4700 hited Chaves 

A1R514 O7S7 -94350 os RESISTOR 2.21K 1% .1250 F To=0+-100 f454b C4-1/8--T0-2211-F 
AIRS1T? 16978-8777 a RESISTOR 1K S% .25W CC Tls-400/4+900 e460 0498-8777 

ALRS186 683-3335 8 I RESTSTOR 34K S24 ,25W FC TC=-400/7809 Hiie1 CRaIS45 

ALRS20 o757-0430 ba RESISTOR 2.21K 1% .125W F To=0+-100 eas C4 °1/8=TO: 2211-F 






















































AIRS21 f683~-1045 a RESTGTOR 100K SX .25W FC Tl=-403/6e00 1121 CH1LOAS 
ALRS22 0683-1045 a RESISTOR 100K SX .25W FC Ttl=-400/+806 01121 CEoiGe4s 
AIRS23 0683-4725 a HEGISTOR 4.7K Sh .25W FC TC=-400/1709 01121 Chaves 
ALRS24 o463-4725 2 RESISTOR 4.7 SX .25W FCO TC=-400/+4+706 C1121 Chaves 
AIRS2e5 0463-4725 a RESISTOR 4.7K SX .25W FC TC=-400/+700 O1121 CE4a yes 











































AIR S26 G683-4725 2 RESISTOR 4.7K SX .25W FC TC=--400/+7006 112i Ch47e25 
AIRS? Debs 47 25 a RESISTOR 4,7K SA .25W FC TC=-400/+700 oiie2t Chaves 
ALRS2S 0683-4725 2 RESIGTOR 4.7K S52 .25W FO TC=-400/+700 112% Che 725 
ALRS2? 0583-4725 e RESTSTOR 4.7K 3% .25W FC Tl=-400/+700 O1141 CB4a7es 
ALRS30 1683-4725 = RCSISTOR 4.7K SA .25W FO Tle-400/+700 Hite CUA? 2S 





































AIRSS1 O757 -G469 i) I RESISTOR 159K 1% .125W F Tl=0+-100 e546 C4 1/6 Tb-1sid - 
ALRS32 04683-5135 0 4 RESISTOR Sik S2% .25W FC TOl=-400/+000 Hiei CBS135 
AIRSA4 0757-0465 és RESISTOR 100K 1% .t25W F TE=+-100 245946 C4-1/8+T0-1004-F 
ALRS36 0685-5145 2 2 RESISTOR S10K Sk .25W FC TC=-800/+4+900 O1iei ChS143 
AIRSS?7 1483-5145 a RESISTOR S10K SX .25W FC TC=-800/+900 o1itei CBS145 











































































ALRSS8 C498—-O777 af RESISTOR 1h SX .25W CC TCs- 400/+900 fH460 Eh B77 

AIR S4045 1578-4483 f a RESISTOR 18.7K 1% .125W F TE=0+-100 e454 C4--1/8-T0-187e4 -F 
ALRS4145 0 &98—-4483 0 RESISTOR 18,.7K 1% .125W F TC=0+-100 P4546 C4-1/8-Ta 1o72--F 
AIRG4245 1678-4403 i) RESISTOR 18.7K 14 .129W F Toef4-100 24546 C4-1/8-To-13872-F 
A1LRSB1 0683-3135 0 RESISTOR Sik SA .25W FC Tls-400/4+806 01121 CASTS 






























































AIRS8e2 0o84-1545 i RESISTOR 150K S32 .256 FC Th=-800/7906 01421 CBiS45 

ALRSB345 0685-1535 & RESISTOR 15K S52 .25W FC TC=-—400/+800 01121 CRiS35 

AIRSB445 16843-4325 6 RESTSTOR 4,3K SX .@5W FC TC=-400/1706 fii21 CRAs 

ALRS85 0683-1545 & RESISTOR 150K SX .25W FO Tl=-B00/+900 Hiiel CHIS45 

ATRSB4 0683-5135 o RESISTOR Sik SX .258 FC Tl=-400/+800 OL CES135 

AIRYS7 aba? 0683-1035 1 RESISTOR 10K 5% .25W FC Te=-400/+700 OLl1?1 CB1055 

ALR7O0 o7S7-0454 3 1 RESTSTOR 33.2 1% .12@5W F Tl=04+-100 4546 C4 1/8°TU S422 F 
AIR? O1 0683-2015 7 1 RESISTOR 200 SX .25W FE TC=-400/4+600 D1171 CBAILS 

ALR7O02 0757-0349 _ 1 RESTOTOR @2.6 1% .125W F TCo=tt-100 os Sb C4-1/8-T0-22°62-F 
AIR?OS 67H 4121 a 1 RESTSTOR 11.3K 124 ,125W F TEmO4+-100 24546 C4: -1/8-T0-1132-F 
ALR704 o757~-1018 7 4 RESISTOR 100K 1% ,O5W F TC=04+-100 ero MF SCT /20° T0-1003-F 

































































































AIRVOS 16124-0040 1 RESISTOR ,27 Sk ,SW PW TC#=0+-300 Foo 4c bW20-1/2-27/100-J 
ALR 706 0699-0925 0 i RESISTOR 268.4e@k .25% .125W F TCl=0+-Su eas g 06979-0025 

AIR?O? 67H -6659 6 1 RESISTOR 127K (25% .125W F TCsf+-100 “480 04670-6659 

ALR708 0678-3228 9 RESISTOR 49.97K 12% .125W F Tl=0+-100 2480 0678-3226 

AIR?VOF 067H-4925 ? 1 RESISTOR 167K 1% .125W F Tl=0+-100 e4546 C4-1/9-T0-i673 °F 
ATR ?71D O7S?-0457 6 “a RESISTOR 47.5K 1% .125W F Tl=04-100 24546 C4--1/8-T@ 4752-F 
AIR?11 O737~0449 6 1 RESISTOR 20K 1% .1235W F TC=0+-100 24546 C4-1/8--TO-2002-F 
ALR?12 0696-32208 9 RESISTOR 49.7K 1% .125W F Tl=0+-100 ab Ait 0678 3ace 

AIR?1G 0678-4486 3 1 RESISTOR 24.9K 1% .125W F To=0+-100 eAS4g C4 1/8-T0-2492-F 
ALR714 lo?a-4475 8 1 RESISTOR 8.0468 1% ,125W Ff Te=0+-100 <4 G C4:°-1/8-T0-8061-F 




































AIR71IS O757-1016 7 RESISTOR 100K 1% .95W F TC=O-100 F701 MF 301/20-TI-1903--F 
AIR716 O757-0457 & RESISTOR 47.5K 1% .125W F Tl=0+-100 24546 C4-1/8-Ta-4752--F 
AIR?T17 0676-817? 7 i RESISTOR 1.5 S24. .25W F TC=0+-100 11592 TFO?--1/4--TO-1RS-J 
ALR 718 O757-0444 1 i RESISTOR 12,.1K 1% .125W F TC=04+-100 4546 C4-1/8-TO-1212-F 
AIR? 1? DYorv-1018 ? RESISTOR 100K 1% .05W F TC#04+-100 1e7 a1 MF C1 /20-TO-1003+F 























ALR?720 1670-4471) C4- 










RESISTOR 7.15K 1% .125W F Tt=04+-100 ‘1/8-TO-7151-F 









24546 





& i 
AIR?721 O698--3451 i 1 RESISTOR 133K 12% .125W F TO=04-109 aaa 46 C4-1/6-T0-133.3-F 
ALR?22 0757-0442 ? 1 RESISTOR 10K 1% ,12@5W F TCe0+-100 e446 C4-1/8-Th -1002+F 
AIR? 23 678° 4511 a 1 RESISTOR @6,.6K 12% ,125W F TC=0+-106 24546 C4--1/8-TO-8662 -F 
& 1 


ALRF24 04698-4469 RESISTOR 26K 1% .125W F TC=0++100 e446 C4—1/8-T0-2ade-F 






































AIR?725 678-3161 9 1 RESTSTOR 36,.3K 1% ,125W F Th=0+-106 $546 C4 -1/8-T0-deae2-F 
ALR72645 0683-4715 i) RESISTOR 470 3% .,250 FC TC=-400/4606 01121 Cha? is 
AIRY2? 683-1095 o RESTSTOR 10 5% .25W FC TC=-400/4+500 01121 CRIODS 
ALR728 H6?8-3499 & 1 RESISTOR 40,2 1% .1254 F Tl=0+-100 24546 C4-1/8-To-4022--F 
AIR 7e? 0403-1005 a RESTSTOR 10 5% .2@5W FC Tl=-400/+500 $1121 CHalgos 





See introduction to this section for ordering information 
*Indicates factory selected value 
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Table 1-6-3. HP 3421A Replaceable Parts (Cont'd) 





HP Part 
Number 


Reference 


Mfr Part Number 
Designation 


Qty 


Description 








AIRF AO 


ALR?7S1 
AIR? A245 


AILRPSO1 
AIRPSOe2 
ALRPSOS 
AIR? 3346 


ALR?FS4A68/ 


ALR? F5A6 
ALR S3SHA6 
ALRT?O0 
Ads St 
AlSS50?2 
ALS 700 
ALT5a1 
ALT7O0 
ALT? O41 
ALTP400 
ALTP401 
ALTPSO0 
AITPSO1 
ALTPSO2 


ALTPSOS 
ALTPSO4 
ALTPOOS 
ALTPSO6 
ALTPON? 


ALITP S08 
ALTPSO? 
ALTPS10 
ALTP?OS 
ALTP7O1 


ALTE? Oe 
ALTP7OS 
AITP?V04 
ALTP?05 
AILTP 706 


ALTE TO? 
AILTP708 


ALTP?1G 
ALTP711 


ALTP?1le2 
ALTF?713 


ALW1O1 
ALUIOe 
ALU291 
ALWe02 
AL1U20S44 


Alusol 
ALU4O1AS 
ALWU402 
ALU404 
A1U404 


A1LU405 
ALWS01 
ALU Ie 
ALUSOS 
AIUED4 


ALUSOS 66 
ALTUSO6A6 
ALUSO7 
AIUSOG 
ALUS09 


ALWUOTO 
AVS 1 
AIUSTe 
ALUSLS 
ALUS14 


ALUSZ1 
ALWSS2 
ALUS33 
ALUS34 
ALUS81 


ALU Oo 
ALUTOL 
ALU? OS 
ALU?OS 


AIVRIOGel? 


ALYSO1 


Ho78-ds279 
0698-3279 
§693-1005 


1810-0126 
1010-92591 
1810-0162 
HE9R-s978 
9698-G989 
O683-5145 
8698-9456 
OO3/-0220 
3101-27743 
3101-1299 
#101=1734% 
9100-4775 
6100-42764 
9100-42758 
1251-04500 
1251-1600 
1251-04600 
1251-0400 
1201-0609 


1251-0600 
1251-0400 
1251-0600 
1251-0606 
1251-0600 


1251-0606 
1251-3600 
1251-04606 
1251-0600 
1251-0400 


1251-0600 

21-0600 
1251-0600 
1231-0600 
1251-9600 


12510600 
1251-0400 


1251-0600 
1251-0600 


te51-0680 
1251-04600 


1O2@é6-1 G8 
1QH5-008%5 
1Be6-0493 
1826-0493 
1826072 


1826-0719 
1826-0311 
1626-0635 
1OF6- 0046 
1826-0271 


18926-0635 
1LB3--0003 
1618-1754 
LH18--1754 
1918-1754 


Lfig-3331 
1B16- 33532 
1820-2102 
1820-2716 
1620-1197 


1h20°1179 
1820-2177 
1Geo-2177 
1820-1146 
1f26-d41e2 


1620-1745 
1820-1486 
1820+O073? 
1826-0412 
1826-0412 


1826-0136 
1920-1932 
1b26-0412 
1826-0774 
O837-0318 
b410-133e 


= 


RESIGTOR 4.979 12 eoW F To=f'-100 
RESISTOR 4,97K 14 .125W F TC=04+-100 
RESISTOR 10 54% .,2hW FC TC] -409/ +500 


uo = 


NETWORK-RES 14-DIP10.0€ OM ¥ 13 
NETWORK-RES 14-DIP100.0K OHM XK 13 
NETWORK-RES 14-DIP4.7K OHM X 14 
RESISTOR 49.9K Lt .125W F Té=6+-1l00 

RES FETORGHO2E 1% :1OSW FLFCs04+-100 
RESISTOR SEOQK 5% .25W FO TC=-800/4+900 
RESISTOR 24.9K 1% 2125W F TC=04+-100 
THERMISTOR ROD LOK-GHM-TC=-3.834/C-DEG 
SWITCH-REE DEP-RER-ASSY 8 LA .O5A 30VDt 
SWITCH-PB DPDT ALTNG .45A LISVAC 
SWITCH=PB DPOT MOM .45A4 1L15VAC 
XPMR-HPIL FX & RCV 
TRANSFORMER-POWER 
TRANSFORMER-TOREGIG 
CONNECTOR-SGL CONT PIN 
CONNECTOR--GSGL CONT PIN 
CONNECTOR-SGEL CONT PIN 
CONNEETOR-SGL CONT PIN 
CONNECTOR-SGL CONT PIN 


.14-AM-BSC -£ 
14--KM-S5C-5 
1.4 4h-BS¢C 
14° -BSC-! 
14-MAM-FSC 


Se seeeseerew ys SOM wa aw ol 


CONNECTOR- SGL CONT PIN 
COANNECTOR-S&G1 CONT PIN 
CONNECTOR SGL CONT PIN 
CONNECTOR-SEL CONT PIN 
CONNECTOR SGlL CONT PIN 


14-HkA -BSC -S 
»14-HM-BSC—* 
.14-KK BSC 
.14-MN- BSC ~£ 
14 MM -BSC-Sé 


at Sse = 


CONNECTOR-SGL ENT PIN 
COANECTOR-SClL CONT PIN 
CONNECTOR=SG_ CONT PIN 
CONNECTOR SGL CONT PIN 
CONNECTOR-SGL CONT FIN 


.14--MMN- BSCS 
/14-hK-BSC-: 
14-HN-BSC--S 
14-hAK -BSC-4 
»L4-4e- BSC 


Seni o & 


CONNDOCTOR-SGL CONT PIN 
CONNECTOR-SGL CONT PIN 
fONNECTOR -SEL CONT PIN 
CONNECTOR=-SGL_ CONT PIN 
CONNECTOR-SGL CONT PIN 


Pol 4AM BSt-2 5 
. 14-Ke4-BSC- 

ita hE BSC! 
»14 BA- BSCS. 
»1i4°eRhh- BSC 


aeoo & 


CONNECTOR-SGL CONT FIN 


.14-BM-BSC-£ 
CONNECTOR GGL CONT PIN Fd 


7 L4- hh ESE w 


o 


= 


L464 -BSC 
.14-HA- BSC 


CONNECTOR GGL CONT PIN 
COMNECTOR-SEL CONT PIM 


— 


CONNECTOR-SGL CONT PIN 1,174 BA -BOC-" 
CONNECRTOR-SGL CONT PIN 1.14°MM-BoC 


= | 


IC OF AMP PRON O TO-?79 PRG 

BOC HYBRID 

I¢ OP AMP LOW- BIAS -H-InPD &@ DIP -P PRG 

IC OF AMP LOW-BIAS-H-IMPG 8-DIP-P FEE 
OF AMP LOW -BIAS-H-IMPD TO-?? PRG 


=O oo 


OF ANP PRGMEL QUAD 16° DIP-C PRG 
Cc OP AMF GP TO -99 PKG 
16 OF AMP LOW-OFS €@ DIP-P PEG 
A/D HYBRID 
IC OF AMP GP 8 DIP-P PKG 


0) 


Swe 


IC OF ARP LOW-OFS & DIP-P PKG 
1G-HPIL 24 PIN 

TE -RAM WPDSTOILC 

IC-RAM UPDSITOILC 

IC’ RAM UPDS1910 


wy oo 


IC; ROM 64 (S42 1A) 

TC-ROM 64K (34214) 

IG LOCH TTL LO D-TYPE OCT 

IC -G-EIT MICROPROCESSOR Willi RAM TT ZHA 
IC GATE TTL LS NAND QUAD 2--INP 


3h DO Ln BRS 


IC INY TTL LS HEX i-ITipP 

IC MICPROC-ACCESS MMOS 4--BIT 

TC MICPROC-ACCESS MROS 4 BIT 

IC BFR CHOS NOMW-IMY HEX 

IC COMPARATOR PRON DUAL O-DIP-P 


eo EO 4] ye 


IC GATE CAOS NOR QUAD 2-IN 
IC GATE CMHDS AND QUAD &-Inr 
IC FF CHOS BD-TYPE POS-EDGE-TRIC DUAL 
IC COMPARATOR PRON BUAL B-DIP-P PRG 
IC COMPARATOR PRON DUAL @-DIP-P PKis 


mee 1 


IC COAPARATOR GP QUAD 14-DIP-F PKG 
IC 4Y CHAOS MONOSTBL RETRIG/RESET BUA 
I¢ COMPARATOR PRCN DUAL B-DIP-P PRG 
IC-VE LAS6SneZ 

VOLTAGE SUPR 

CRYSTAL -6.003 Mliz 


bpowuoee 6 


24546 
4A 
g1izt 


11736 
Otte 
112354 
JR4GBO 
Ph4e) 
O11271 
Pu Sa6 
A483 0 
eB4a0 
PASEO 
Poe 0 
cesog 
~baso 
2B4B0 
PHaAao 
Th4h 0 
PH4AG 
Presa 
EAD 


2480 
2 EAs 0 
79-450 
re4en 
SR4AGD 


ei4bo 
“B40 
anh 4 Eh fh 
e4at 
co 460 


or O 
ee SE 
eC48o 
PB4b0 
20460 


2 OAR E 
£48 0 


O48 0 
cO4eio 


C46 0 
cA o 


2648 0) 
2846 f 
4714 
C4713 
pye65 


Sees 
hie? a 
hhoi5 
riesgo 
1295 


0464565 
20480 
Sh os rs 
S0S45) 
0545 


aB4ot 
eoand 
ers 
e460 
Piero 


pies 
S4h4? 
B44 
BL 
er oi4 


O47 19 
aL Ses 
= LS85 
a7ui4 
e704 


bles 
04715 
eeoi4 
2H4Hng 
Feseo 
eae o 


See introduction to this section for ordering information 


*Indicates factory selected value 


C4-1/8-T0-499 1 -F 
C4--1/8°TO0~4991-F 


BIOS 


Foo L-RIOK 


3144104 


FoUu-1T—-R4. Fi 


0698-3228 
0698-8329 
CA5145 


Ch-1/8-TO-244% 


O83 77-0270 
3101-2243 
101-1709 
$1C1=1734 
Glo0-G275 
Giloo-G264 
9100-9258 
1251-0600 
1251-0600 
1751-0600 
1251-0400 
foi-o60g 


1251-0400 
1251-0606 
1°51-0600 
bewl—-O4£09 
1251-0600 


1251-0600 
1251-0600 
1251-0600 
1251-0600 
1251-0600 


1251-0600 
1251-0400 
1251-0600 
1251-0606 
1251-9600 


1251-04606 
1251-0600 


Perot gb OG 
leoi-o600 


1251-0600 
lrsi-d600 


Lieé-1 5 
1TQHS- 0083S 
MLASOBAM 1 
MLMIOBAP 1 
UAZO8AH 


KR 4 60 
LNZO1AN 
OF-O7cP 
1QOF6-006e 
OoN72741P 


OP-O "CRP 
LLBS-—O003 


WPOSPTIALC ene Lec ris 


UPDRS I OILe 
UPDS1O1LC 


1010-333] 
1819-3339 


oN 4Sa/ aN 


1G20 -27168 
SAY 4L SOON 


iM? 415 04 
PHZ4s 
PaZas 
CD40 SORE 
LMS? 3N 


MO 1L4go Tbr 


CD4091BE 
C40 1386 
LAS? oH 
L ASSN 


L.A ay 


AC 1 4538BCP 


Leao3an 
1Beé.- O77 4 


O835/-O318 
0410-1332 


{SELECTED} 
(SELECTED } 
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Table 1-6-3. HP 3421A Replaceable Parts (Cont‘d) @ 


ps f 


CHASS!5 & MISCELLANEOUS PARTS 






Reference 
Designation 





NOTE 
REFER TO FIGURES 1-6-1 THRU 1-6-6 FOR 
MORE CHASSIS AND MISCELLANEQUS PARTS 


MISCELLANEOUS 


Syo2-HHUL q iL APPLICATION NOTE 290 £8580 SB52-BauL 
P17 5=-0052 i 4 COPPER WIRE .031N CDA 101 28uBO F175-0052 
1251-0600 Q CONNECTOR-SGL CONT PIN 1,14-MM-BSt-5z2 5G 28480 1751-0600 
B82? 1667-60002 HP-IL CABLE -1 METRE 28480 2167-60002 








See introduction to this section for ordering information 
Q *Indicates factory selected value 
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Tabie 1-6-4. HP 44462A (Options 020, 021, and 022) Replaceable Parts 


Mfr 
Code 









HP Part 
Number 


Reference 


Designation Mfr Part Number 





Description 





§4462-66514 MULTIPLEXER; ACTUATOR BOARD CERC 2417) 2A4Ht 4444527-66514 
hiéi-44323 


01460-4423 


CAPACTITOR=-FAD .47UF +-20% SSOVACCRAG} C0633 
CAPACITOR-FRD ,O47UF +-20% 2S0VACC RMS) Cheds 


PHES?IMNSA? 
PME? 71IM547 


2110-0010 FUSE SA 2h0V NTD 1,e°8k. 25. UL 75715 312005 
2110-0010 FUSE SA 2500 MTD 1.25%.25 UL OFS Sieo00s 


€110-0643 
2110-0649 


FUBENHOLDER-CLIP TYPE 154 250 Vv “8480 
FUSEHOLDER-CLIP TYPE 15A P50 ¥ “6460 


2110-0643 
“110-0643 


> 


lenl-/HeS 
1200-0654 
1251-46682 
12351-4682 


CONNECTOR 
SOCKET-IC 
CONNEC TOR 
CONNECTOR 


14-CONT 
a-PIN WA 
a-PIN 


DIP DIP-SLDR 


POST TYPE 
POST TYPE 


cR46o 
eb4eao 
-B460 
oo 48 i 


1251-7825 
1200-0854 
1251-4682 
1251-4682 


oo oe wo oA 


1251-44682 CONNECTOR 3-PIN M POST TYPE fH46D eul-46be 


1231-7760 


Oi 


CONNECTOR SP MP.1 HIZ 2480 L201 7? 60 
H470-1337 
h4?70-1337 
O470-12336 
0470-1336 
N470-1336 


RELAY-S4ER-1_ 2-54 -B480 0490-1337 
RELAY -S4ER-L.2-S¥ 2648 0 0490-1337 
RELAY SceEB-Le-SV eb46o 9490-1336 
RELAY-S2EB-L2-S¥ 26460 490-1436 
RELAY-S2EB-L 2-5 78480 0470-1334 


eo es) 5] 


H470-1334 
490-1336 
0490-1446 
470-1356 
470-13.56 


RELAY-Se2FEB-LA-Sv 2848 0 0470-1336 
RELAY S2EB-L2-Sy -~B460 0470-1336 
RELAY-S2@EB-L2-S¥V 28460 0490-1356 
RELAY -S2ER=-L2-SV @-B480 0470-1346 
RELAT-S2EB-L2-SV 28400 0470-1336 


1256-0141 
1258-0141 
12568-0141 


JURPER-REM “6480 
JUMPER-REM eb4hi 
JUMPER-REM -B4B0 


1258-0141 
1258-0141 
1258-0141 


aon ff > 


RESISTOR 47 SX .S4 CC TO@tiiagie G1121 ERS 705 

RESISTOR 47 S32 . SM CE TE=0+41e2 O1121 ERS 705 

RESISTOR F00K .1% .25W F TCe04+—-25 eae P6Fa-6405 

RESISTOR 151.5K ,1% .125W F TC=)4-% i?701 MF 401 /8-Te-itise-k 


686-4705 
0686-4705 
0678-463505 
hoFya-FBSS 


be SO be oe 


1H2t-141e2 
1h20-1F6e 
Lhed-1762 
1Beo-1962 
1858-0047 


IC DCDR CMOS BIN 2-TO-4-LINE DUAL 2 } 04714 
IC PCDR CHOS BCD-TO-DEC } SLSBS 
IC DCDR CMOS BCD -TO-DEC , SLABS 
IC BCPR CHOS BCH-TO-DEC SL565 
TRANSISTOR ARRAY 146-PIN PLSTC DIP 13606 


AC 1 4556BCP 
CD4028BE 
Ch40 2ABeE 
CO4028BE 
ULNA -20034 





pe pe 


1658-0047 
1858-0047 
1626-0476 


TRANSISTOR ARRAY 14-PIN PLSTC DIP 146046 
TRANSISTOR ARRAY 14-PIN PLSTC DIP Tail 
IC TEMP XDCR TO-Se PKG } #24455 


ULN-20 034 
UA 2 A 
ADS OTH 


en ch 4A 


0837-0227 
0847-ee7 


VOLTAGE SUPPRESSOR VC=7450),IP=10A eh46g 
VOLTAGE SUPPRESSOR VC=730V,IP=104 “8480 


He37-0227 
0G37=-0277 


8120-34678 CABLE ASSEMBLY-RIBBON 14P filet 3676 


05471-66505 TEMPELATURE CALIBRATOR BOARD OS4571-HbSu4 





See introduction to this section for ordering information 
*I Indicates factory selected value 
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Table 1-6-5. HP 44465A (Option 050) Replaceable Parts 


HP Part | Description Mfr 











Reference 


: : Mfr Part Number 
Designation 















44465-66513 


J 





DIGITAL I/O BOARD (ERC 2334) 44465-66513 









































0160-4822 2 CAPACITOR-FXD 1000PF #-5% 100VpC CER 6140-46822 
hiéo0-3847 7 CAPACITOR-FXD .O1UF #100--0% Sovpc CER 1160-384? 
0160-3847 ? CAPACITOR-FXD .Q1UF +100-0% SOVbC CER 0140-3647 
0140-3847 ° CAPACITOR-FXD .O1UF +100-0% SOVBC CER 0140-3847 
0160-3847 9 CAPACITOR-FED .GIUF #1600-0% SOVDC CER 1160-3847 


























0160-3847 7 CAPACITOR-FXD .O1UF +100-0% SOVDC CER 01460-38647 
1160-3847 9 CAPACTITOR-FXD .O1UF +100-0% SOVOC CER 160-3847 
8160-3847 ? CAPACITOR=-FXD .f1UF #100-0% SOVDC CER 0160-3847 
0160-3847 CAPACTTOR=FxD .O1UF #100-0% SOVDC CER 11460-3847 
0160-0291 cI CAPACITOR-FXD 1UF#-10% 35VDC TA 1S0D195xX9035a2 


















0180-0271 CAPACITOR=-FxD (UF +-10% S35VDC TA LSO0D1L0SX9055A2 

































1902-0958 DIORE=-Z2NR 10V SX DO-35 PD=. TCs+. 075% 1902-0958 
1?0e-09758 DIODE-ZNR 10V SA BO-35 PD=.4W TC=+, 0752 1702-0959 
1702-0758 DIODE-ZMR 10V Sz DO-35 PD=.40 Tle+, 0752 1fde-0758 
1702-0756 DIODE-ZNR 10V 5X DO-35 PD=.4W TC=+, 075% 1702-0759 








1902-09758 DIODE-ZNR 10 SX DO-35 PD=.4W TC=+, 075% 1902-0958 




















1702-0758 DIODE-ZNRF 10 DO-35 Pph=., TGe+ , 0752 1902-0958 





1902-09568 DIODE-ZNR 10 SX DO-35 PD=,4W Tl=+, 075% 1702-0958 
1702-0758 DIODE-ZNR 10V 5X DO-35 Pb=,4W TC=+.075% 1902-09759 
1701-0050 DIODE--SWITCHING BOY 200KA @NS DO-35 1701-0050 





1701-0050 DIODE-SWITCHING BOY 200A ANS DO-35 1701-0050 















































1901-0050 DIOPE-SWITCHING BOY 200KA ONS DO-35 1701-0050 
1701-0050 DIODE-SWITCHING BOY 200MA 2NS DO-35 1701-0050 
1701-0050 DIODE-SWITCHING BBV 200hA @NS DO-35 1741-0050 
1701-0050 DIODE-SWITCHING 80 200MA ANS DO-35 1701-0050 
1901-0050 BIODE-SWITCHING SOV 200MA @NS DO-35 1991-0050 


















1701-0050 DIORE-SWITCHING GOV 200mMA ANS DO-3S 1901-0056 








1702-0176 DIODE-ZMR 47 SX PD=1W ITR=SUA 1902-0176 
1702-0176 DIODE-ZNR 47) SX PD=1W IR=SUA 1902-0176 
1902-0176 DIODE-7NR 47V7 SZ PD=1W TR=SUA 1702-0176 





1702-0176 DIODE-ZNF 47V SX PD=1iW IR=SUA 1902-0176 







































1?b2-0176 DIODE-ZWR 47V SZ PD=1W TR=SUA 1702-0176 
ivde-O176 DIODE-ZNR 47V SX PD=iW IR=3uUA 1702-0176 
19702-0176 DIODE-ZNR 47V SZ PD=1W IR=SUA 1702-0176 
1902-0176 DIODE-ZNR 47V Se PD=iW IR=SUA 1902-0176 
1902-0554 DIODE-ZNR 10V SX PD#=1W IR210U04 1902-0554 


















1702-0554 DIODE-ZNR 10V SX PD=1W IR=10U0A 1902-0554 
1902-0554 DIODE-ZNR 10Y S2% PD=1W TR=10UA4 19792-0554 
1702-0554 DIODE-ZNR 10V Sk PDR=iW IR=10U04 1902-0554 
1702-0554 DIODE-7NR 10 SZ PD=1W IR@1008 1702-0554 


FPebbSb SbF GRP FP Fer rwWd Wed aN PN CO 


1702-0554 DIODE-ZNRF 10V Sf Ph=1W TR=10UA 1902-0554 






















1?b2-0554 
1702-0554 


DIODE-ZWR 10V 32 PD=1W TR=100A 
DIODE-ZNF 10V SX PDeiW TR=10U04 


19702-0554 
19702-0554 





» 













— 


1200-0854 SOCKET-I1C 14-CONT DIP DIP-SLDR 1200-0854 























1HS5-0489 VHOS IVNS201 THE 1855-0489 
1655-0489 VOSS IVNS201 TNF 1655-0407 
1855-0489 ¥VHOS IVNS201 TNF 185" -0487 
1655-0487 YHOS IVNS201 TNE 1855-0489 


1655-0489 ¥VMOS IVNS5201 TNF 18455-0489 










1855-0469 















VNOS IVNS201 TNF 1055-0489 


CACM cel Cel cet Ce ey hed Ce Del 


1855-0489 ¥VNOS IVNS201 TNF 1855-0487 
18655-0469 VEOS IVNS201 TNF 1655-0469 
1854-0087 TRANSISTOR WPM SI PD=360M6 FT=75SMHZ 18654-0087 
1654-0087 TRANSISTOR NPN ST PD=3460hW FT=7SRH?7 1654-0067 











































18954-0087 TRANSISTOR WEN ST PD=360MW FT=7SMH7 1654-0087 


1654-0087 TRANSISTOR NPN ST PD=360hW FT=7SRH?2 1854-00687 
1054-0087 TRANSISTOR NPM SI PD=3é60MW FT=7SMHZ 1854-0087 
1854-0087 TRANSTSTOR NPN SI PD=360hW FT=7ShH2Z 1654-0087 
1654-0087 TRANSISTOR WPN SI PD=260MW FT=75MHZ 1654-0087 














1654-008? TRANSTSTOR NPN PD2#360hW FT=7SRH2 1654-00867 









LATA GAA cA Cl ca ch oh ol 


1854-0087 TRANSISTOR NPN SI PD=360MW FT=75MHZ 1954-0087 
1854-0087 TRANSISTOR NPN SI PD=340hW FT=75MH7 1854-00087 
1H54-0087 TRANSISTOR NPN SI PD=340MW FT=75MHZ 1854-0087 
1854-0087 TRANSTSTOR NPN SI PD=360MW FT=75MHZ 1854-0087 



























1854-0087 a TRANSISTOR NPN ST PD=360MW FT=75RHZ 1654-0087 
1054-0087 a TRANSTSTOR WPN SI PD=360hW FT=7SMHZ 18654-0087 
1654-0087 a TRANSISTOR MPN ST PD=360KW FT=7S4H7 1654-0087 
1654-0087 , io TRANSISTOR NPN SI PD=360KW FT=7SMHZ2 1654-0087 








See introduction to this section for ordering information 
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Reference 





Designation 


Table 1-6-5. HP 44465A (Option 050 





Part 


| Number 


0757-0466 
0698-4471 
0683-3625 
0683-4715 
663-2055 


0683-2055 
0683-2055 
0683-2055 
9683-2055 
0683-2055 


0683-2055 
0683-2055 
0665-3715 
0683-3915 
P683-39715 


0683-3715 
1683-3915 
0683-3915 
0683-39715 
0683-3915 


0686-1025 
0686-1025 
9686-1025 
0666-1025 
1686-1025 


0686-1025 
0686-1025 
0666-1025 
1683-4715 
0663-4715 


0683-4715 
0683-4715 
0663-4715 
0683-4715 
1663-4715 


0463-3625 
1663-3625 
0683-3625 
16683-3625 
0683-34625 


1663-3625 
0683-3625 


1810-0281 
1910-02697 
1810-0261 


7100-4131 
9100-4131 


1820-2232 
1820-2215 
1A20-2548 
1820-2537 
1820-1746 


120-2466 
1820-1486 
ig20-1486 
1790-0545 
if?0-0545 


1990-0545 
1770-0545 
1790-0545 
1990-0545 
1790-0545 


17970-0545 


0637-01976 
0837-01976 
0837-0196 
9837-0196 
0837-0176 


0837-0196 
0837-0196 
08237-0196 
0837-0176 
0837-0196 


S39 OF a 


oe os «a J] J “J J 


eoe sa a 


Societe chon ca OA 


Stoaeo 


a Roane mnoa 4) $#uob sO =o 90 wl Cel 1 3 090 0-9 


oof o& 


ofoes 


Description 


RESISTOR 130K 


RESISTOR 7.15K 12% 


RESTSTOR 3.6K 
RESISTOR 470 


RESISTOR 2M 3 
RESISTOR @M 5 
RESISTOR 2M 5 
RESISTOR eM 5 
RESISTOR 24 5 


RESISTOR 2M 5 
RESISTOR 2H 5S 
RESISTOR 370 
RESISTOR 390 
RESISTOR 370 


RESISTOR 390 
RESISTOR 390 
RESISTOR 370 
RESISTOR 3970 
RESISTOR 


RESISTOR a 
RESISTOR oe 
RESISTOR = 
RESISTOR 5 
RESTSTOR o 


RESISTOR 2 
RESISTOR ik & 
RESISTOR 1K 5S 
RESTSTOR ; 
RESISTOR 


RESISTOR 

RESISTOR 4790 
RESISTOR 470 
RESISTOR 470 
RESISTOR 470 


RESISTOR 3.6K 
RESISTOR 3.6K 
RESISTOR 3.4K 
RESISTOR 3.5K 
RESISTOR 3.6 


RESISTOR 3.6K 
FESISTOR 3.6K 


WETWORK-RES 1 





1% .125W F TC=0+-100 


-125 F TC=04+-100 


54 ,25W FC TC=-400/4+700 
oe eo FC TC=-4007+600 
RESISTOR 24 SX .25W FC Tl=-900/41100 


x ,25W FC Tl=-900/+1100 
* 254 FC TC=-900/41100 
& ,254 FC TC=-900/41100 
* .@5W FC TC=-900/41100 
&% .250 FC Tl=-9700/4+1100 


& esl FC To=-F00/+1100 
& .25W FC TC=-900/+1100 
oe .2oW FC TC=-400/+600 
of ,25 FC TC=-400/+4+600 


af .coW FC Toe— 


400/+600 


Sx .25W FC TC=-400/+600 
"se .eoW FC TC=-400/+600 
52 .256 FC TC=-400/+600 


SX .2oW FC TC=-400/+4600 


ae ,2@oW FC TC=-400/+600 


2 oh CC Tl=0+647 
% .oW CC TC=0+647 
2 .oW CC Te=0+b647 
— ,oe CO Th=0+547 
x .SW CO T0=0+4647 


& ou 
& ooh 
m cl 


TC=0 +647 
TC=0+647 
TC=0+647 


oe vegk FC Tl=-400/ todd 
3% .2cW FC Tls=-400/+600 


of ,2oe@ FOC Tl=-400/+4+608 
Sa .2oW FC TC=-400/+600 
SX .25M FC Th=-400/+600 
22 ,2o FC TC=-400/+600 
5x .25W FC TC=-400/+600 


S% .250 FC Te=-400/+700 
oe .2olW FC Tl=-400/+700 
2% ,2uW FC TC=-400/+700 
2e .2@oM FC TC=-400/+4+700 
oe .2cM FC Tl=-400/+700 


2% .2oW FC TC=-400/+700 


a4 ,2@5@ FC TC= 


-400/+706 


O-SIP100.0K OHM x *? 
WETWORK-RES #-SIP10.0K OHM X B 
NETWORK-RES 10-SIP100,.0K OHM xX ¢ 


TRANSFORMER-PULSE QUAD; @2 PIN MODIFIED 
TRANSFORMER-PULSE QUAD; 22 PIN MODIFIED 


IC RGTR CMOS 

IC LCH CMOS O 
DEVE CHOS 
DRYR CHOS 


8-BIT 

CTL 

LINE DREVR OCTL 
LINE DRYR OCTL 


BFR CMOS INV HEX 


TIMER CHAOS 

GATE CMOS 

GATE CMOS 
OP TO-ISOLATOR 
OF TO- TS0LATOR 


OP TO-ISOLATOR 
OP TO-TSOLATOR 
OF TO-TSOLATOR 
OF TO-ITSOLATOR 
OPTO-TSOLATOR 


OPTO-TSOLATOR 


SUPPR-V 430 
SUPPR-Y 4304 
SUPPR-Y 430¥ 
SUPPR-Y 4304 
SUPPR-V 4304 


SUPPR-V 430 
SUPPR-V 430y 
SUPPR-Y 430V 
SUPPR-Y 430V 
SUPPR-YV 430 


AND QUAD 2- INP 
AND QUAD 2-INP 
LED-PDIO/XSTR 
LED-PDIO/XSTR 


LED-PDIO/XSTR 
LED-PDIO/XSTR 
LED-PDIO/XSTR 
LED-PDIO/XSTR 
LED-PDIO/XSTR 


LED-PDIO/XSTR 


LF =40h4 - Max 
IF=404A~MAXx 


IF=40hA-MAX 
IF =40MA-MAX 
IF =40MA-MAX 
IF=40MA-MAX 
IF =40hA -MAX 


IF=40hA-RMAXx 


Mfr 


247946 
24546 
112i 
O1121 
O1121 


Hii121 
01121 
Gitei 
01121 
1121 


01121 
g1171 
01121 
Hite 
01121 


O1121 
1121 
fiiei 
O1121 
01121 


61121 
O1121 
01121 
fiiel 
fii2i 


1121 
01121 
ile 
biie2i 
01121 


Hiei 
O11P1 
01121 
01121 
H1121 


O11e21 
01121 
O11e1 
01121 
H1ite2i 


01121 
1121 


1121 
cb4ao 
81121 


“H4680 
“8480 


Q4713 
e7o14a 
e714 
er Oia 
04713 


acer7rs 
SL.595 
SL585 
eH4ni 
©8480 


“A460 
8480 
eh4eo 
@&B460 
e460 


-8460 


28460 
“8480 
©8460 
-“B480 
28480 


eB460 
28480 
eB480 
2646 0 
“8480 


See introduction to this section for ordering information 
*Indicates factory selected value 


) Replaceable Parts (Cont'd) 


C4-1/8-T0-1303-F 
C4=1/8-T0-7151-F 


CH3625 
CB4715 
CR2055 


CBeass 
Ca2055 
Car ass 
CB2055 
CBa055 


CB2055 
CBeEOSS 
CB3?15 
CBS915 
CBS?15 


CBS715 
CRS715 
CBAI915 
CBS915 
CB39715 


ER1O025 
EBLO25 
EBI02S 
ERLOeS 
EBI02S 


EBR1025 
EBLI02S 
ERI02S 
CBa? 15 
CB4715 


CR4715 
CR4715 
CR4715 
CB4715 
CR4a715 


ChIG62S 
Caa62e5 
CES6e5 
CBa3é625 
CB3625 


CB34625 
CAS625 


210A104 
1810-0267 
ePidAio4 


9100-4131 
9100-4141 


MC 14034BCP 
MA? 4C373N 
AA? 4C240N 
MN? 402446 


M140 497UBCP 


ICM7SS5IPA 
LD4061BE 
CD40B1BE 
S0B2-4371 
7062-4371 


3082-4371 
Shh2-4371 
S082-4371 
3082-4371 
s062-4371 


$$82-4371 


0837-0196 
OH37-0176 
0837-0176 
O837-0176 
OH37-01976 


0837-01976 
o8s7-0176 
037-0176 
0837-0176 
OHS7-01F6 


Mfr Part Number 
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Table 1-6-5. HP 44465A (Option 050) Replaceable Parts (Cont'd) 


Reference HP Part 
Designation Number 


Description Mfr Part Number 


a 





0837-0176 
0837-0196 
0837-0176 
0837-0196 
06837-0196 


SUPPR=-V 4430V #6460 0837-01976 
SUPPR-YV 430Y 28460 0837-0176 
SUPPR-Y 430V 78480 O837-0176 
SUPPR-V 430 28460 0H37-0196 
SUPPR-V 440 7B480 06837-0176 


0837-0176 
1837-01946 
0637-0196 
9837-01976 
0837-0196 


SUPPR-V 430 #6480 0837-0196 
SUPPR-V 430¥ <8 460 DBS7-0176 
SUPPR-V 430 eb46o0 0837-01976 
SUPPR-Y 430 ©8480 OR37-0176 
SUPPR<-V 430 28480 0837-0196 


6120-3676 CABLE ASSEMBLT-KRIBBON 14P cB4680 8120-3678 








See introduction to this section for ordering information 
*Indicates factory selected value 
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Table 1-6-6. HP 44461A (Option 201) Replaceable Parts 


5| Qty Description ne ‘ Mfr Part Number 


Reference HP Part j|c 
Designation Number 





at GO4Yh1-Bb502 i [ HP-I6 BOARD {ERG 24700 2a eo “44h b-boSog 


Leu Hiso-02971 Fe CAPACTTOR—-FAD 1TUF+-1T0O4 SoVDL TA cha EP SONOS SSA 
Cole hino-O0b4 . ‘a CAPACITOR -FxXD 1OOWUF+75-10% 14D Ab moet? SNRLO7G60 16RCe 
CHOS 1 LSo-0 409 4 l CAPACTTOR-FXD 4. 7UF+-202 10VDC TA Tea EY 1SOn4aySe0010Ae 
eo4 DiGO-0eF71 : CAPACITOR-FXD 1UF +- 10% S5VDC TA shen? L500) 0549 0a A2 
COS v180-0061 a CAPACITOR-FXD 100UF+75-10% 14VDC Al Toe? SORE O70 TORCe 


Cgo4s 1%0-3847 CAPACITOR -FXD .01UF +100-0% SOVDCG CER Pa4a0 1160-3047 
Fea? hisob-4h55 CAPACITOR-FXEB .1TUF +-10% S0VBC CER PAA 0160-4835 
Caos Ht40-46800 CAPACITOR-FXD 120PF +-S2% 100VDC CER fB460 0160-4800 
CHoF bi140-384? CAPACITOR-FxD ,OLUF +100-0% SOVDC CER Pt4ao h160-3847 
LSai0 10-9271 r CAPACITOR:-FXD TUF+-10% 35yVpc TA S46209 1S0D1 OSX 90S5ARe 


Cet i1460-4007 
eT 2 160-4807 
(abs ) L460-3047 
te 160-3847 
CHls 0160-354? 


CAPACTTOR-FAD SaPF 4+—-3% 100VDC CER 4 eb4ao 0100-4807 
CAPALTITOR-FXRD S33PF +-32% 100VDC CER fle-2 2480 0150-4607 
CAPACITOR-FXD .O1UF +100-02% SOVDC CER ceo 0160-3847 
CAPACITOR-FXRD ,O1UF +100-02 SOVDC CER 248 0 0140-3647 
CAPACTTOR-FRD .O1UF +#100—-02% SOVDC CER Fh4ag 0140-3847 


Dat ie 


LATé hied-sh4? 
Cal? 01460-3847 
CALE 0160-43847 
GA HL4o-S47 
Cao bi60-S847 


CAPACTITOR-FRD .O1UF +100-0% SOVBC (rer eh4e 160-2047 
CAPACITOR-FXD ,QOUUF +100-0% SO0VDC CER eRaht 0160-3847 
CAPACITOR-FXD .O1UF +100-0% SOVDC CER e846 0 01450-3847 
CAPACITOR—-FXD .O1UF +100-0% SOVDC CER e440 D160" 304? 
CAPACITOR-FXD .QUUF #100-0% S0VDC CER e480 160-3847 


so AG we SG 


Cit 0469-3847 
Cie Di50-s847 
Cis 140-3847 
(chet 150-3847 
Cie 01460-3047 


CAPACITOR-FXD .Q1UF +100-0% SOVDC CER e460 Hifi0-3b47 
CAPACTTOR-FXD .O1UF #100--04 O0UVDC CER 2H480 140-3847 
CAPACTITOR-FXD ,O1UF #100-0% SOVDC CER en4oo 160-3647 
CAPACTTOR-FXD .OVUF #109-0% SOVDC CER “Bae o 0160-3847 
CAPACTTOR-FXD .O1UF +100-04 SOVDL CER eb4ai 160-3847 


0 ag so 


~O 


LGAs tl 149-3647 
Cae} 0160-3847 
CREO 1701-0050 
CReaOe 1701-1080 
CR EOS 1? f2-0783 
RAD 4 tehe-O955 
Ck AOS 1910-0016 


CAPACITOR-FXD .O1UF #100-02 S0VDC CER fB4eo fibd-s047 
CAPACITOR-FxXO .QO1UF +100-0% 5SOVDC CER 26480 D160-384; 
DIODE-SWITCHING 80Y 2O0KA OWS DD-35 P40 1901-0050 
DIODE-BCHOTTKY INS81/ 20V 1A 4714 IWS e1? 

DIODE-2NR IN4621 3,6¥ 3% DO 14 P=. eo #1281 IN4621 

DIODE-ZNR 6.2¥ 5% DO-35 PD=.4W TC=+.0534 “6460 TF02- 0953 
DIODE-GE 604 BOMA caso 1910-0016 


eos Gel ee el Re ag 





CRBS L910-0016 
CREO? te o1- 0050 
CRADE Poi oood 
Ce oF 101-0050 
CREO Leo1 0050 


DIODE-GE 60V 60MA4 “4a 1910-0016 
DIODE-SWITCHING 8O0yV 2bOnhe 2nd DO-3s CH48 0 1Fo1-0050 
DIODE -SWITCHING BOY 2OO0RA @NS DO-35 PO4sh 1701-0050 
DIODE-SWITCHING 80 2O0MA @NS DO-3S emaetg 1F0t-0O50 
DPIODE-SWITCHING BOY 2O0KA eS DON3S ese 1701-0050 


ist tel Ge EA 


ERE) LF 01-0050 
WAT ivoi1-G0S05 
CREWS 1? 01-0090 
CRE14 1?P01-0050 
CRESS 1vd1-d050 


PIODE-SWITCHING BOY 2O0RA ONS DO-AS SE VEG Leo. 00S 8 
DIONDE-SWITCHING SOV 200MA ONS DO-3S “8480 17041-0058 
DIORE-SMLTCHIMG BOY 200RA 2NS DO-SS Coad 1701-0050 
PIODE-SWITCHING SOV GO0ONA ANS DO-3% “R480 1704-0050 
DIODE-SWITCHING 80¥ 20DORA eho DO-45 eb4go 101-0050 


Cob cep Cal tay De 


CRAL iFohi-oo050 
CRB? 14701-0050 
CREATE 1701-0000 
CRT? 1701-0050 
ae Fo | L?O1=-00350 
CRE] 1901-0050 
CRS? 101-0050 
CR 3 LP Ot--0055 
ie Aa4Y LF oi-tos6 
Chass 1901-0050 
CRETE 1901-0050 
CREZ? 1901-0050 
FeO] le5t-935355 
Be? Leni-0600 
eos 254-5081 
Jaou 1251-5619 
J BLS 1251-5619 
JADE 1751-5529 
Leo PLNO-0549 
bee 9100-1431 
L.Bus PLY o-0bs4 


DIDDE SWITCHING BOY FOO0OMA @NS DOS Es ty LF0t-o0S6 
DIOHE-SWITCHINGE BOY 2O0KRA FNS BOs CH4R0 1901-0050 
PEGE -SHITEHING BOY PO0RA FNS DBO-35 “A480 1F41-b056 
DIODE=-SWITCHING BOY 2O0OMA ONS DO-SS PH4Bh 1eo.-o030 
DIODE-SWLITCHING BOY 2OOKhA FNS DO-3S LB480 L?0od-b000 
DIQODE=-SWITCHING &0V 2700MA @NS Do=-35 7e48O 1901-0050 
PLIODE-SWITCHING 80Y 200MA @PNS DO-3S 2h4eo 1901-0050 
DIORE-SWITECHIANG SOV 200H4 ONS DOeas Psat iFo1-0050 
DIOBDE-SWITCHING BOY 20OO0KNA 2PNS DO-sa O40 T?O1-0050 
DIODE-SWITCHING 8O0V 200M4 2N5 DO-35 28480 1901-0050 
DIODE-SWITCHING SOV 200M4A 2N5S DO=35 E48 0 1901-0050 
DIODE-SWITCHING €0V 200OMA 2N5 BPO-45 oRAao 1901-0050 
CONNECTOR &-PIN M POST TYPE Eas 12541-4335 
COMNECTOR-SGL CONT PIN 1.14-MM-B5C-527 34 Seas 1241-0600 
CONNECTOR 2-PIN M POST TYPE 2848 0 L251- 5081 
CONNECTOR 4-FPIWM M POST TYPE re4eo 1251-5619 
CONNECTOR 4-PIN M POST TYPE eH460 1254-5619 
CONNECTOR 24-PIN F AMP CHAMP PESEO 1251-5529 
THDURTOR «(MESC ITEM) Haag F1io-b539 
THDUCTOR RE-CH-ALD SOUH S2% , lée0e , Sei eh4an 100-1631 
CORE-SHLIELDING BEAD O48 0 9170-08094 


oO pe eee re Se i te a Ce a Gp ee 


AP 4 0440-106? 

“po bs421-00604 
AMP oS 13421-04101 
AP 4 3421.62 101 
APS 03421-44102 


INS-HT SHLD Fo4tih 0340-1067 

SHLB-LEXAN HPIE eh4so h24e1-O06068 
CYVR-HPIB, SSCRAN’D 26490 03471-04101 
CONW-ASSY HPI 28480 02421-62101 
HP IB-COVER ASSY on} Bb 03421-64100 


Oa ta 


= 
I 


APG N4421-64107 PLATE -ATG HPIB cH430 341-464 107 


Mit is 0545-0214 GSRREW-MACH M4 2 5 SAM LG FAN Hb goooo ORDER RY De bun le | lin 
ne 24-0023 SCREW-TPG 4-40 ,2@5-IN-LG PAN-HD-PH Hoooo ORDER BY DLOCRIPT TON 
MP Tt 1370-0626 1 SCREW CAPTIVE Ad. 0 & 10 eae 1a70-0626 


MP1] 1600-1172 STPG-S5 PIL CLIP e450 1600-1172 


ty04 1854-0320 TRANSISTOR PNP GN40432 SL T0-S Poehiune 076s oN-4 032 
ioe 1854-0071 TRANSISTOR NPN GI PD=900NW FT=200MH2 “O46 0 1AS4-0071 





See introduction to this section for ordering information 
*Indicates factory selected value l 6 13 


Table 1-6-6. HP 44461A (Option 201) Replaceable Parts (Cont'd) 


Reference 


Description Mfr Part Number 





Designation 


REPO Oe3~4 735 
thos Hans—-to1s 
RHO3 0698-44274 


RESISTOR 47K SX . 25h FC The 4000/4000 Mt ded abba AT 
RESTSTOR 100 54 .2SW FO Te=-4ioeesoo yi BLO 1S 
RESTSTOR 1.4K 13.125W FO T0?-400/4700 ite rele eo 


RAN 


1c 
HOS 


BE 
REO? 
ree 
Feat i) 
RB10 


Rati 
REEL 
RH1TS 
REL 4 
REVS 


RT & 
REL? 
RAIA 
REPL? 
Reo 


Re i 
thee 
Ries 
noes 
Ries 


RPS 
RAS? 
RG28 
Rae? 
RESO 


RAS 
Ress 
RUSS 
RAS 
RASS 


i 
Reva? 
ABS 
REF 
RA 
Red] 
Rau? 
REGS 
Ray 
Rau Ss 
REoG 
RPAQ: 
RPAO? 
RPEOS 
RPS#O4 
Sao 
Side 


THOT 


Lk 4 
oe 
LWekOoS 
Le Ty 
UEeos 


Woe 
UO? 
LEO 
UEOF 
He1 o 


WH 
Wate 
WEiSa 
Wei4 
UBS 


WA1G 
U1? 
LD 
UBL? 
Ligie th 


(603-1005 
Weas-e7 1a 


GH94a-e2715 
fGobs-14i9 
04645-1310 
bH83- 1025 
h6es-10e5 


Vota LOTS 
Hea -1bes 
(683-3325 
bese es 
(683-625 


6a 6825 
0693-6625 
Debs" 6a a 
068a+-6625 
Neos oie 


Uoea-4825 
bSH3-h6eS 
0585-6025 
503-6823 
bibs—-b825 


fbha-bbes 
0Sbd-6025 
06835-6825 
he8s—-6625 
O583-6825 


OBS -b825 
(683-4625 
0463-6825 
1463-46625 
DAas-3525 


DObS— 1825 
hobs-1035 
0483-2225 
hH8s-S325 
0433-1035 
06683-1035 
0683-1045 
OGb3S-7 775 
0683-0275 
OB83-2725 
NB8S-7725 
1810-0176 
1810-0126 
1210-9196 
IB81Q-91272 
A1h1-1928 
3101-2243 


F100-2686 


L?90- 0545 
1826-0138 
1L.BS-0003 
LBe6-3428 
LHeo-1412 


l@20-253-7 
Theo -25437 
Led 257 
1i2d—-2214 
Liebe 1/8 


820-1978 
1Ga0-1416 
1820-1416 

1620-1416 
b820-1746 


120-1747 
Lihed—-17 45 
LBS6-0044 
1658-0044 
L858-0044 


teh1- 687 
1231-3483 
ta51" 3485 


0410-1442 


SPN aE SAD SAD Dag] i i a i | 


fa) 5) 475) 


Pe eet ey ae a eet OO 


= oct ty te py = HD oo if 


Bont in 


Ag Poon Sel oF 


RESTSTOR 10-52 .25W FO TR=-40074+500 


RESISTOR 2 


Ti S24 ,2oW FC Ths-400/+"800 


RESISTOR 270 S2 .75W FR Tl=-400/ 1400 
RESISTOR 140 52 .,22H FE The 400 /4+e0bo 
RESTSTOR 130 S52 row FR TG=-400/ +60 
RESTSTOR 1K S34. 2598 FE Tl=-400 7 +600 
RESISTOR ik 38 .75W FO TE=-400/ +n 


RESIETOR -4 


i 34 .@oW Fo Tos 400/ 450 b 


RESTSTOR 1.6K 5% ,25W FC Tl=-400/ 6706 
RESISTOR 3.3K S24 .250 FC Tl=-a0te +700 


RESISTOR 2@.2h S42 .25W FC Tl=-400/+700 


RESTOSTOR 6.8K SH 25H FO Tl=-400/47 00 


RESISTOR 6.6K 5% . 25 FC Th=-400/+700 
RESISTOR 6.8K S24 .25W FO Tl=-400/+700 
RESIGTOR &, GK S22 .25W FC Tls-4007+700 


RESTSTOR 6. ok 
RESISTOR 4. GK 


RESISTOR 6.8K 
RESTSTOR &., BK 
RESISTOR &. 8K 
RESTSTOR 46, BK 
RESISTOR 6. GK 


RESTSTOR 6. BK 
RESISTOR 6. 8K 
RESTSTOR &, 6K 
RESISTOR 46.84 
RESISTOR 6.8K 


mn 
re 


cow FO Tle-400/e700 
cou FO The 400/47 00 


af 
x 


eo FO Th=-40o 44700 
Jeu FC Th=-400/7+700 
coouW FO TC=-400/4700 
Jeo FG Tih=-400/+700 
seoW FO TOs-4i074+700 


root et oe pS 


LA onocn in on 


FR Th=--40074700 
FO Tt=-400 7/4700 
rl Te] 4007 +700 
FO The-400 74700 
Fm Tes-400/+700 


am a A 
oe on 
LA Ch ne oe 
REEEE 


na Fa ru ha AD 


RESISTOR 6.8K 5% .25W FO TC=-400/+700 
REGIGTOR &,.8K% = ae Fl Tl=-400/4700 
RESISTOR 6.04 S22 .25W FO Tl=-400/+700 
REGTSTOR 6.6K 5 coulW FC Tle =-400/ +700 
RESISTOR 3.3 S24 .25W FC Tlm-400/4700 


RESTSTOR 1 


OK & cenlW FO TCe-400/ +700 


RESISTOR 10K S44 ,25b FC Tl=-400/+700 


RESISTOR 2 


ek S32 .A5W FO To=-400/74760 


RESISTOR 3.3K SH .2SH FC TG=-400/4+700 
RESISTOR 104 S242 . P30 FE TE=-4007+700 
RESISTOR LOK 5% .25w Fe Té=-400/4700 
RESISTOR 100K 5% .25wW FC. TC=-400/4806 


RESISTOR: 2 
RESISTOR 2 
Z 


RESISTOR 


RESISTOR 2 


2K. 5%. .2%5wW FC. TC=-400/47 00 
fF - S& -25W FC TO=-400/4500 
2k- 5% .25W FC Té=-400/4+700 
22K 5% . 25a FC TC=-400/47 00 


NETWOREK-RES 14-DIP10.0K OHM xX 13 
NETWORK-RES 14-D1IP10.6K OHM. x 13 
NETWORK-RES. 14-DIP2.,2kK OCHM xX 13 
NETWORK-RES 14-DIP3.3K OHM XK 13 


SWITCH-PE 


SPOT ALTNG 44 @SoVvac 


SWITCH RER DIP-RER-ASSY 8 1A , 058 Sty pt 


xFMH HPLE 


OP TO-TSOLATOR LED-PDIO/XSTR IF&40hA MAK 
Tl COMPARATOR GP QUAD 14-DIP-P PRG 
Il, AP IL 2h PIN 


LC AAGKED 


A048 


IC DCDR CHOS BIN F-TO-4-LTWNE BiUlAaL &- LMP 


It ORVR CHAOS LINE DRYR OTL 
IC DRYVR CAOS LINE DRYVR OCTI 
LC DRVR CMOS LUNE BRYVR NETL 
I FF CMOS P-TYPE POS-EDGE-TRIG OOTi 


SHE -RGT 


R CHOS D-TYPE PRL-IN PRL-OUT 


SHF-RGTR CHOS D-TYPE PRL-IN PRL-OLWT 
; SCHRITT-TRIG TTL LG TINY HEX 1-INP 
SCHMITT-TRIG TTL LS [NY HEX 1-1NP 
SOHATTT-TRIG TTL LS INV HEX 1-INP 
> BFR CHOS INV HEX 


» GATE CMOS NAND WUAD 2-INWP 
[IC GATE CMOS NOR QUAD 2-INP 


XOTR-ARY 
KSTR-ARY 
ZoTR-ARY 


CONWEC TOR 
COMNECTOR 
CONNECTOR 


CRYSTAL <4. 


f-P LW F POST TYre 
4-PIN F POST TYPE 
4-PTN F POST TYPE 


O03 MH 


O14 
itd 


hi bey 
“1d 
Oi 
Vd 74 
BL Let 


hl bed 
O11 
121 
hlied 
Lie 


hide 
1124 
$1121 
121 
ae | 


#1124 
1121 
Hits 
bite 

h1121 


b1421 
1 Let 
Hirei 
oi. 
Bits 


Ne | 
Hide 
1124 
O71 
01144 


five 
O1121 
01141 
L121 
Bide 
1l?i 
OLLZ2 
Hille. 
O12] 
O1121 
QO1l1%1 
11236 
L1l236 
H1171 
O1121 
Cos o 
rh4an 


fA4B oO 


if ey i 
Wier S 
2h4ead 
ERA EE LE 
b4713 


e7o14 
oF 014 
e?7vi4 
eyoi4 
ol OBS 


Ah ofa 
D12FS 
I a 
H1i29S 
O4713 


w4ayia 
471g 
eO460 
e460 
6460 


Ai46 0 
rh4ag 
Cue Uh 


e840 


SAY 
Ae? TS 


‘Bev 1S 
HLS 
PET O23 
SEV 


TEE La 
CBT S 
CHA4AS 
Beats 


CAG Ss 


Chae Ss 
CA eS 
CBahhes 
ChARAS 
BAGS 


Ch eS 
Bera 
(Rte Ss 
Cb6hes 


Chee S 


CBS HLS 
Ea Ae 
CE6BSS 
CBfbes 


Bates 


ERS AS 
[> Bed 
Che Ss 
LEA eo 
CRAAe a 


CB 1825 
BBW eg 5 
Che PSS 
Chaos 
PBL OSAS 
CB1O035 
CB1OusS 
CB2225 
EBO??S 
CBP275 
CH2225 
PbQ-1-kKivn 
f60-1-R1i0K 
S14 AR22 

S144552 

B101-1928 
S101 -2245 


Si o0-26h6 


SO ae 1 
LAAa9N 

ILE A-O003 
TAD 34278 
AC 1T4S560CR 


AMFACC ASA 
MM? 4ACE4 4h 
MAY ACE 44N 
MAY 4ACa74N 
CD4076TE. 


CO40 7 6B 

SN? 4.5 146 
SN? 4LS14n 
SA? 4.514 


ACL4049URCr 


AC 14011 BCP 
MCL4G018CP 
LasB-o044 
1856--0044 
15 e-0044 


[201-0489 
12e51-S4685 
1251-3482 


410-1432 








see introduction to this section for ordering information 
*Indicates factory selected value 
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Reference 
Designation 


Ribu 
EO 
Rios 
RAT 4 


Ribs 


BERLE 
RO? 
ra TS 
R09 
RETO 


Ril] 
Roe 
Rola 
RET 4 
RAS 


nT 
Raia) 
tye 
REELS 
Hie O 


RoI 
Rees 
Rig 
m4 


Ried 


Ree 
Rie? 
RoeH 
REF 
nB30 


RSS 
RASS 
RSS 
HHa4 
RSS 


RAS 
RES? 
RAS 
R49 
RAG 
Ree] 
REG? 
RaGS 
REGG 
RAYS 
RASH 
RPEBO 
RPA? 
RPBOS 
RPBO4 
SHOT 
Boo2 


THO1 


La 1 
Wee 
LER OS 
JOS 
EROS 


Le 
Leo? 
Wie 
WeaOo9 
4 


Ue. 1 
Weie 
Las 
Wa14 
13 


WHT 
Lith 1? 
aL 
U1? 
Lee fi 


1-6-14 


Table 1-6-6. HP 44461A (Option 201) Replaceable Parts (Cont'd) 


O%83~47 35 
Nots—to1s 
0698-4424 
O483-1005 
HH83-2715 


UVHAS 2715 
OHbd—-1415 
Vif3—-1415 
0483-1025 
f6asa-1o2s 


SBS 1015 
bbs 1825 
0683— 3325 
663-2225 
bOBd=-4825 


0683-6025 
P685—6he5 
0583" 6Re3 
1o8s—-6theo 
Qb03-6625 


0683-6825 
N6&A3—-S6825 
168d 6025 
D6hS-bbeS 
06845-6825 


Nota Geo 
0685-6025 
683-6825 
0HG3-6025 
DOGS bas 


0484-682" 
O683—-6820 
0665-6825 
$403--6825 
ho td-3425 


beka— TAPS 
OHbs—-1045 
DAs -feeS 
HOHd5-3325 
PAGS-1LO35 
0683-1035 
06835-1045 
Paes=—2225 
Ob8S-O275 
OG83-23775 
0685-27225 
1810-0176 
LB1O-O176 
LBlO-o196 
1810-0122 
4101-1928 
3101-2243 


FINO 2686 


1990-0545 
\6eé6-0148 
11. Ba=-0 009 
Laeo- 3428 
1H20-1412 


LAS 0-253 
tH20-2337 
Liege 
Li2td-2els 
Theo 1378 


1620-1578 
1620-1416 
THet-1416 
1G¢0-1416 
1820-1746 


Lae O-1747 
Lee2o- 1745 
LB88-0044 
1H56-0044 
1ase-0044 


1231-0687 
12351-3483 
lest 3405 


0410-1432 


af slag bay Sag Sag +] aj “3 aj 4) 


a i i a 


O Fae ea a eh et OP 


eS oO wt oi = wi iD ooo ui 


> wo 


nA ng tH oA 


Description 


RESISTOR 47K 5% .25W FC TCe-40ny+o0o 
RESISTOR 10) S242 0250 FO TEs—400 7/4500 
RESTSTOR 1.4K 1%.125W FO The-400/4700 
RESTSTOR 10: 5% ,25W FO Th=-4007+500 

RESISTOR 270 Se .25W FR The-400/+600 


RESISTOR 270 $4 .25W FC Tle 400/600 
RESTS TOR 140 52% .25H0 FO TGe-400/4500 
RESTSTOR 140 S24 . ASW FO To=-400/ e600 
RESISTOR LK 34.250 FC Tl=—-400/4+600 
RESISTOR 1k G4 2. ood FC Te=-400/ 400 


RESISTOR 100 S% ,254 FC. Th=-400/4+500 

RESISTOR 1.8K S54 .2oW FO Tle: 4007 6700 
RESTSTOR 3.3K 32 ,25W FC TC=-40074+706 
RESISTOR @.2k S32 .25W FC TC=-400/+700 
RESISTOR 6.8K Sk .25W FC Th=-400/4+700 


RESISTOR 6.8K 4K -25W FE TRe-400/+700 
RESTSOTOR AK SX ,25W FCO Th=-400/4+700 
RESISTOR Ak SS .235W FO Th=-4007+700 
RESTSTOR aR OA .2oW FO Tls400/+700 
RESISTOR 46.84 32 ,2c5W FE TE= -400/+700 


RESISTOR 6.8K 5% .25W FO TO=-4007e700 
RESISTOR 4.8K 5% .25W FC TGs-400/+700 
RESISTOR 6.8K 5% .25u TO=400/0700 
RESISTOR 4.8K 5% .25W FO Te=-400/+700 
RESISTOR 6.8K S% .25W Te=-400/4700 


RESTSTOR G,.BK SX . 23 Th=-4007+700 
REROISTOR 6,88 SA .25oW FO Th=-400/4700 
RESTOTOR BK ODA ,2SW FO TC=-400/ +700 
RESISTOR 6.8K S24 .25W FO TC=-400/+700 
RESIGTOR 6.8K SX .25W Fl Te=-—400/+70 


RESTSTOR 6.84 34 . 2c TOhe+400 44700 
RESISTOR 6.8K S24 .25W FO Tl=-400/4700 
RESISTOR 6.8K Sk. .25W TO=-400/%4+700 
RESTETOR 6,60 Sf .25ld The-4004 +7 00 
RESISTOR 3.3 824 .25W FC TO=-40074+700 


RESTSTOR 2K SH .25k FC Th=-400/+700 
RESISTOR 10 S% ,2@SW FC Tis-400/+700 
RESISTOR 2,2 5% .25W FO Te=-40074700 
RESISTOR 3.3% 5% ,25W FO Th=-400/4+700 
RESTSTOR LOK S42 .250 FC Th=-400/+700 
RESISTOR 10K 5% .25W Fe Te=-400/4700 
RESISTOR LOOK 5% .25W FC. TC=-400/4800 
RESISTOR 2.26 S& .25wW FO Tc=-400/4700 
RESISTOR 2.7 5% .25W FC Teo=—-400/4500 
RESISTOR 2.2K S54 .25W FC-TC=s-400/+700 
RESISTOR 2,20 5% .25W FC TC=-400/+700 
NETWORK=-RES 14-DIP1O.0K OHM xX 13 
NETWORK-RES 14-DIP10.6K OHM x® 13 
NETWORK-RES 14-01°7.9K OHM x 13 
HETWORK=RES 14-O1P3.3K GQHM & 13 
GAWITECH-FPER GPOT ALTNE 44 PSovac 
SWITCH-RKR DIP—-REKR-ASSY 8-14 , 058 Suype 


XFMR HPI 


OPTO-LS0LATOR LED-PDLOYASTR ITF=40n4G max 
[C COMPARATOR GP QUAD 14-D1TP-P PKG 

It. HPIL 28 PIN 

It MASKED 8048 

IC DCDR CMOS BIN 2-TO-4-L TNE DUAL &- INP 


I DRYR CMOS LINE DRYR OCT 

If DRYER CMOS LINE DRYR OCT! 

IC DRYR CMOS LIWE DRYR OTL 

Tt) FF CAOS P-TYPE POS-EDGE- TRIG OCTL 
IC. SHF -RGTR CHOS B-TYPE PRL-IM PRI -DUT 


I SHF-RGTR CMOS D-TYPE PRL-IM PRL—-OUT 
I SCHMITT-TRIG TTL LG INY HEX 1-INP 
IC SCHMITT-TRIG TTL LS INY HEX 1-1LNP 
LG SEAM ITT-TRIG TTL LS TINY HEX 1l°INP 
IC BPR CMOS INV HEX 


[IC GATE CHOS NAKD BLUAD &@-1INP 
IC GATE CMOS NOR QHAD 2-TNP 
XSTR-ARY 
RoOTR ART 
AoTR-AR YT 


CONNECTOR @-PIN F PUST TYPE 
CONNECTOR 4-PIN F POST TYPE 
CONNECTOR 4-PTNM F POST TYPE 


CRYSTAL=-6.003 AH? 


vv 
ae ee 
Hite 
bid 
Oli 


pill 
Hvis 
1121 
1121 
1a 


hive 
1191 
hiiet 
1121 
O10 1 


hitet 
1924 
114 
124 
Hii 


h1liet 
O11 
hited 
hliel 
Hii 


ii 
1121 
His) 
0121 
bidet 


Viet 
Qt1ei 
Hli2i1 
h1iei 
O11 


Hii 

G1121 
Pie 
He 
bite 
O11271 
O1121 
O1121 
O11?71 
Ol1l271 
H1171 
11236 
11236 
2171 
#11271 
CHAR O 
Ph48O 


“A460 


e450 
1275 
a84ho 
7846 0) 
14713 


erai4 
ov ot 
evti4 
ceria 
el ERC 


S.. 585) 
1275 
1275 
o1275 
4714 


471g 
O4713 
C460 
2848 0 
2B 4B th 


AB4B TI 
of 4th 
eH46 0 


2a4n0 


See introduction to this section for ordering information 


*Indicates factory selected value 


Mfr Part Number 


LBA an 
CBINtTSs 
CRAY AD 
CBT 0 OS 
CAS? 1S 


CBS? 1S 
(®BI313 
CBi815 
LAV Oes 
(BIO eS 


LE LOVS 
Chess 
Chas 
(Rees 


CAGHeS 


CE6B2S5 
CAGES 
CRESTS 
Rath 
(Sb6HeS 


Chie 
LEGR2S 
Reis 
Chéhes 
CRARSS 


CBbHeS 
Ree 
Paes 
CHéaeS 
CHAS S 


CRE Fee 
i Bb eS 
CAGeeS. 
Chas 
CHASES 


CB 1825 

CHA ss 
CBee eS 

CHa eS 
CBOSS 
CB1035 
CB1045 
CB2225 
CaO? 75 
CB22775 
CB2225 
760-1-KlunK 
PGEOQ-1-RIOE 
B14 AP2 2 
S14A5372 
oihi-1¥28 
S11 ead 


SO 0-2bhe 


S0Hf-— 4371 
LAS39N 
ILBS-0003 
1A#20- 35428 
ACT455éRC0r 


HMN?4CeA44N 
HM’? 4024446 
MAY aCe 44nN 
MM? ala? an 
CD4076RE 


CoO 7 6B 
SA? 451 4n 
SMY4LS1LaN 
ON74L5 14M 
RELA DS7 UEC 


HCI4A0TIBEP 
HCL4001 BCP 
1858-0044 
1850-0044 
18568-0044 


(eo 1-loeay 
en -a48s 
1eul~ 48 ch 


41 0--1aae 














Table 1-6-7. 12 Vde Power Adapter Option (214) Repiaceabie Parts 




















Mfr 


HP Part Description Code 


Number 


Reference 
Designation 





Mfr Part Number 


oo 

























3421-665 15 e VDO POWER ADAPTER: OPTION BOARD e648 fi 02421-66515 


(ERC. 2607} 


AS 
















































Lehi 0180-0228 CAPACITOR -FaRD @2UF+ Tk TAaVPC TA och SOD FR OXSO 1 Se 
cate 61460-0155 CAPACTTOR-=-FXD SS00PF +-10% 2O0VDC Foi re ch480 0160-0 
Cho 0150-4571 CAPACITOR-FxXD .1UF +60 -29% SOVDE CER ebadgi 140-4571 
Cats b18o—-1779 CAPACITOR-FKD 19UF+-10% 35VbpC TA aoc? LOOP LTaaxe Oo Sar 
AOS 0160-4971 CAPACITOR-FXD .1TUF '80-20% SOVBC CER SB4u0 f16)--4571 






















































GHO8 b1 80-0374 CAPACITOR-FARE 1OUF+-10% 2OVBC TA mite AY ISODL0449020Re 
Cal? 0160-0157 CAPACITOR-FXD 4700PF +-10% SO0VDC POLITE “RaSh ibd 157 
CHa 0160-0157 CAPACITOR-FXD 4700PF 44-10% 200VDC POLYE 2-4 Go H160-0157 
Lao? 11460015? CAPACITOR-FXD 4790PF + -102 200VDC POLYE eho 1160-0157 
CEO 0160-0157 CAPACITOR-FRD 4700PF +-10% 200VDC POLYE 73466 O160-0157 









































411 0180-0271 CAPACITOR-FXRD 1UF+-10% S5VDC TA noe 1SOD1 ISK POSS 
C612 1180-0474 CAPACTITOR=-FXD LOWF+-10% 2@0VDC TA so289 TSOD1TOGXP0S0Be 
CALS 2169-4571 CAPACITOR-FRD .1UF 4+80-20% S0VDC CER 28459 Dre0- 4571 





C14 1160-4822 CAPACITOR-FAD LOOOPF +-S% 100VDC CER fe 4ow 01 60-48e2 





























































































LuLy niga- 0374 3 CAPACITOR-FRD 10UF*-10% e20vDC TA Seen 1S0D1 04xoozoHe 
cH26 0160-4571 3 CAPACITOR-FXD .1UF +80-20% SOVPC GER enabe O1Go 457 

C821 0160-4571 CAPACITOR-FAD ,1UF +80-20% 50VDC CER 2B480 p6ig-4571 

chez 0180-0305 4 CAPACITOR-FXD 4.7UF +-20% 100VDC TA p420u L50D475xX0010A2 
chZ4 OL80-0309 Hy CAPACITOR-FxXD 4.7UF +-20% 100VDC TA O42 00 LSOD475x0010A2 
CRAG. 1901-0782 IM DIODE--SCHOTTKY 1N5921 30 3A na713 INS2 4 

crage 1902-1383 9 DIODE-7ENER 15.54 284n0 1902-1383 
cCREOS 184-0314 1 SCR-S4060F 104 20460 1884-0314 
cRoo4 1901-0928 3 DIODE-PWR RECT SAY 2,58 127.69 VES1191 

cRa0S 1701-0828 3 DIODE—-PWR RECT SOV 2.5¢ 12969 WEST 101 

















































CREADG 1voe2-O958 a HIGDE-ZNR 10V SX DO-35 PO=.4W Toa roe es4ho 1? 02-0798 
LR EO? 1710-0016 a) DIGDE-GE 60V S60KMA 105 DO? each Fi O-o014 
CRAOG 1701-0050 a DIQRE-SWITCHING @0V 2OUMA 2A DOSS A468 0 Lod d-0050 
CREOF 1701-0050 a PIOVE-SWITCHING BOY @200OMA ONS DO-S5 et 4g 1Pe1-o0S50 
CRATD 1F01 -O7 ee A DIODE-SEHOTTKY INSGel 20Y 3A DaAZL a TNSRe I 

























tbl 


L9Ol1-CO56 PIODE-SWITCHING 30V 200MA 2NS DO-35 28560 1901-09056 




















































































CRETS 1901-0050 3 HIODE-SWITCHING 807 200MA 2NS DO-35 78480 roo1-0050 
FOI 7110-0083 6 FUSE 2.54 250V WTD 1.25% .275 UL Zo480 ?11o0-o0083 
FCeOi 7110-0565 q FUSEHOLDER CAP 174 MAX FOR UL Pi4ead 2110-0565 
FxaO] 7110-0642 3 FUSEHOLDER-EXTR POST 6.34 250¥ BAY CAP 2E4U8O 7110-0642 
Te91 1251-0600 i) COWNECTOR-SGL CONT PIN 1.14 -HM-BSC -S? Se 7G48 0 1751-0600 
Tae 1251-0609 0 CONNECTOR--SGL. CONT PIN 1.14-HMM-BSC-57 So fH 4GG 1°51-04606 
THOS 1251-0600 0 COWWECTOR-SGL CONT PIN 1,14-HM-BSO-S2 58 cCo4eO 51-0600 
THO4 1251-04600 0 CONNECTOR-SGL CONT PIN 1,.14=-NM-BSC--5? Sa e840 1251-0606 
J&855 1251-0600 fl CONWERTOR-SGL CONT PIN 1,14-HM BSC--S2 SQ F430 teoi-f60 



































J806 1251-0600 i) CONNEGTOR-SEL CONT PIM 1.14-MM-BSC-S2 58 20 4 1251-04600 
Je0? 1251-0400 fh COMNECTOR-SGL CONT PIN 1,14-MM-BSC -S2 59 eg4ai Leni-ooot 
3806 1251-0600 i CONNEC TOR=<SGL CONT PIN 1.14-AMN-B5SC-S2 Si eo 48G feh1-0600 





























































JMBO4 7175-057 ow RESTISTOR-ZERO OHMS SOLID TINNED COPPER Ab 400 7175-0057 
INSO2 7175-0057 a RESTSTOR-ZERO OHMS SOLID TINNED COPPER eto 7175-0057 
JMBOS Fi7S- 0057 " RESISTOR--7ZERO OHMS SOLID TINNED COPPER eb 2175-0357 
IMNSO4 7i7S- 0057 = RESTISTOR-ZERO OHMS SOLID TINNED COPPER CO4aO 7175-0057 
JMB DS 7175-0057 a RESISTOR-ZERO OMS SOLTD TINNED COPPER en4a o fi? U0a7 


























LA 
aoe 


| L4ao-o779 
PS421-467101 


PI40-— 0779 
O24 bP Lot 


INDUCTOR-FIKED S20UH @ 10KHZ, DADC 
IND-COMMON MODE 


oo 4cto 
7O400 





id 


























































ne 4 14421-00202 |S FNL-REAR 1evCb 26400 03471-00202 
MP2 03421-00605 | 4 SHLD-LEXAN HPI SR Arh) 3421-00606 
HPS C342teG1203 | 6 ERACK ET -CONN eB4G 0 OS421-01205 
MPa 03421-62101 | 3 CONN-ASSSY HPT eb4io 03421-62101 
HPS b4421-64105 | 1 CVR ABSY=-12eVDC cA4H 0 3421-64105 

































































Ae é 03421-04104 | 4 CVR -T2VDC ceh4ao VS42T-O04704 
MP? H3421—-64107 | 3 PLATE ATG HPIRE eO4h t 13421-6410? 
MP 13421-61603 | 8 COL-ASSY CHARGER 26480 f3421-61603 
ed i315-0406 a SCROEW-RACH FAA X £.5 GAR LG PAN HD HHooo ORDER BY DE GCRIPT iON 
AP To H315-0416 a ECREW-MACH M4 * 0,7 168R-LG PAN’ TB oo 000 OROER BY DEDCRIPT ION 






























































MP at J050-0006 & WASHER=-SHLDR NO. 106 ,2-IN-ID .5- IN: ub eo4eo 2050-0006 
AF 515-6054 ? SCREW-MACH MS *% 9.35 TORN LG PAN-HD eh 4a0 nS15-0054 
MP id 035-0004 ? NUT-+HEX DBL-CHAM HS KX 0.5 2. 445N-THi AH ood ORDCR BY PESCRIPT LOW 
AP 14 ei?g-O005 a WASHER-LK EXT T NO, 4 .116-TN-ID e440 A198 0005 
MP 1S 2030-0716 o WASHER --FL MTLG NO. 5 .120-IN-ID eO48o S050-0716 

































AP 1G L3970—-0626 SCREW CAPTIVE 43.0 % 10 #8460 1370-0626 


















AP A? 1400-1172 STPG-SS PIL CLIP 28490 1600--1172 
FP Ti Ob6e4-0083 SCREW-TPG 4-40 .@5-IN-LG PAN-HD-Pial oo 009 ORDER BY DESCHIPT Lon 
MP i? 1251-0011 CONNECTOR 4-PIN F JONES TYPE eo46e 1291-0011 





MP2 FERED 


Wo] ee 


03421-61604 L2VDC SOURCE CABLE 03421-61604 











See introduction to this section for ordering information 
*Indicates factory selected value 1 6 15 


Table 1-6-7. 12 Vdc Power Adapter Option (214) Replaceable Parts (Cont'd) 



















Reference 
Designation 





Description Mfr Part Number 









O340-1067 [NS=-HT SHLD 








26480 U540-L1067 






























1854-0585 TRANSISTOR NPN SI PO=12.5w FITS 50MHZ O47 ES MJELS? 
L854-0585 TRANSISTOR NPN SI PD=12,5w FT=SOMHZ O4713 MJEL&? 
L853-0051 TRANSISTOR PNP 2N4037 SI TO-S POslW FLSS5 2NGO 37 


















































OFS 7-442 q RESISTOR. TOK: bf 125W F To=0e-100 24546 4-1] /8-To- iide-r 
OF S7-O0783 6 RESISTOR 2K 1% .125W F TC=04+-100 24546 C4-1/8-TO-2001-F 
OF 57-0447 5 RESISTOR: LOK 14 .125W F TC=04+-100 P4546 C4-1/ 8-To-1002+F 
O7 57-0346 2 RESISTOR 10 1% .125wW F TC=0+-100 34556 C4=1/8-TO-LORO-F 
OF 57-0802 5 RESISTOR 162 1%. .5W F Tc=0+-100 28480 O757-O802 





























Ob83-13925 RESISTOR: 1.3K 














5% .25W. FC TC=-400/4+7 00 HLlizt CBL325 





O7 57-0198 RESTSTOR. 100 1% .5W F Tce=0+-100 2B4SO OF 5¥-O159¢8 
oFsy7=<0198 RESISTOR 100 1% .5wW -F TC=0+—-loo 28480 D7 57-0198 
OF57-0437 RESISTOR: 4.75 E%. .125W F Te=04-L00 24546 Co-1/8-TO-4?5 2-7 
OF 57-0410 RESISTOR 301 1% .125W F TC=04-100 24546 c4-1/8-To-401R-F 




























0698-3382 RESISTOR. 5.49 1% .1275W F TC=0+-100 24546 C4-1/8-TO-S4&91-F 










O07 57-0436 RESISTOR 5.11K 1% .125W F Té=0+-100 24546 C4-1/8-TO=-S5L11-F 
O7 57-0457 RESISTOR 47.5K 1% .1725W F TC=0+-100 24546 G4=1/8-+TO-47527-F 
OFS 7=-O445 RESISTOR. 20K Lt .125W Fo Té=04+-100 24545 C4=-1/8-TO-2007-F 
O811-3056 RESISTOR .24 5% .5W PW TC=0+-300 P5042 BW20-1/ 7-274 /100-u 


























0811-3056 RESISTOR .24 5% .5w Pw TC=04=300 P5042 BW20=-1/2-24/100-u 






















Ob98=45 80 RESISTOR 45.3 13% .175wW. F TC=04-160 24546 C4-1/8-TO-45R3-F 
OB98-4S380 RESTSTOR 5.3 1% .125W F. Tt=04-100 24546 C4-1/8-TO-GS5R35-F 
O7 57-0437 RESISTOR 4S.75K 18 .125W F Te=04-106 34546 C4-1/8-TO=j{4751=F 
o757-d0401 RESISTOR 100 18 .1275w F TC=04+-100 24546 Co=1/8-TO-101-F 

























0698-3158 
O683-1025 
0683-1025 


RESISTOR 23.7K 16 .125W °F To=o+-1090 
RESISTOR 1K 5% .25W FC Te=-400/+600 
RESISTOR 1K 5% .25wW Fe Te=-400/+600 


24546 
Ollzl 
01171 


CH-1/8-TO-2372-F 
CB1l0O25 
CB1025 























































0757-0438 3 RESISTOR 5.11K 1% .125W F TC=04+-100 24546 Che~ 1/8 10-F145-F 
0698-4444 3 RESISTOR 4.87K 1% .125W F TC=04-106 24545 C4-1/8-TO-G&71-F 
C7 57-040) 0 RESISTOR 100 1% .125W F Te=04+-1060 245465 C4=1/8-TO-101-F 
0663-1705 ; RESISTOR 12 5% .25W FC TC=-4600/+500 OH11231 CB1l?Os 

O7 57-0438 3 RESISTOR S,1TK 1% ©1275W F TC=04+-100 P4546 C4-1/8-TO-S111-F 























































O7 57-0646 9 RESISTOR 20K 1% .125W F TCc=0+-100 24546 c4-1/ 8-TO=-2002-F 
O6898-4472 ? RESISTOR 7.68K 1% .125w F Te=04-106 FUE UE C4-+1/8+-TO-J681-F 
O7 57-0465 5 RESISTOR 100K 1% .1275wW F Tc=604+-100 PSHE ch-1/8-TO-1003-F 
0698-8177 7 RESISTOR 1.5 5% .25wW 28480 0698-8177 

G698-4472 ? RESISTOR 7,.68K 1% .125w F TcC=04-106 24546 C4-1/8-TO-7681-F 



























































O7 57-0465 6 RESISTOR 100K 1% .125W F TC=0+-100 F454 | Ch- 1] f8-TO-10035-F 
0698-6370 & RESISTOR SK 1% .175W F TC=0+-100 J4USKE C4-1/8-TO-SOg1-F 
0698-6370 B RESISTOR SK 1% .1275W F TC=04+-100 24546 CS-1l/8-TO-5001-F 
O7 57-0489 q RESISTOR 20K 1% .125W F Té=0+-100 24546 CH= 1 / 8-TO-2002-F 
0698-4477 tI RESISTOR 7.68K 1% .125W F TCH=04-1006 24546 Ch-1/8-TO-7681L-F 





























































































O7 57-0465 b RESISTOR 100K 1% .125wW F TCc=6+-100 FH S546 C4-1/8-TO-1g0%3-F 
O698-8177 7 RESISTOR 1.5 5% ,25W 28480 698-8177 
O698-4472 ; RESISTOR 7.68K 1% .125W F TC=04-tLoG 24546 C4-1/8-TO-7681-F 
O757-0465 6 RESISTOR 100K 1% .125w F TC=04+-Loo 24546 c4-1/8-TO-10035-F 
0698-5320 & RESISTOR Sk 1% .125W F TCc=04-L06 24546 C4-1/8-TO-5001-F 
O7 98-6320 8 RESISTOR SK 1% .1275W F Tc=04-l00 24546 cG-1/8=TO-S0O01-F 
O7 57-0447 4 RESISTOR 10K 1% .125W F TC=04+-loo 7546 c4-1/8-TO-1o007-F 
O7 57-0442 5 RESISTOR 10% 1% .125W F TC=04-100 24546 C4-1]/8-TO-1002~-F 
9100-4314 g XMPMR-COUPLING 28480 9100-4314 
L826-0905 7 Ic V RGLTR-SWG 5/5.27V 16-DIP-P PKG 78480 1826-0905 
LB?76-O0138 8 I€ COMPARATOR GP QUAD 14-DIP-P PRE g1295 LM339N 

1990-0444 6 OPTO-ISOLATOR LED-PDIO/XSTR IF=25MA-Mmas 28480 1990-0444 
1853-0409 3 TRANSISTOR PNP SI DARL TO-272704A8 PD<60wW 28480 1853-0409 
1854-0071 ? TRANSISTOR NPN SI PD=300MW FT=?700MH7Z 28480 1854-0071 


















1853-0409 
1854-0071 








TRANSISTOR PNP SI DARL TO-?7?70AB PD=60W 
TRANSISTOR NPN SI PO=300MW FT=?700MH7 


28480 
28480 


1853-0404 
1654-0071 





























0837-0264 
9170-0975 


MOV= INGO4S5A 
CORE-TOROID AL=2750-NH/T 


2e480 
ZB4E0 


O83/-O0264 
9170-0975 








See introduction to this section for ordering information 
| 6 16 *Indicates factory selected value 

















3421A Mechanical and Miscellaneous Parts 


index/Ref HP Part 
Number Number Description 


oom amnhonh — 


ct 
co 


5180-0223 
5040-5196 
03421-00201 
4208-0416 
4040-2133 
03421-64101 
5061-4306 
03421-04103 
1390-0630 
3050-0716 
1390-0626 
0515-0212 
0380-1576 
8120-3766 
03421-01201 
03421-00601 
03421-00602 
0510-1168 
0535-0004 
2190-0584 
03421-60201 
8120-3765 
4135-0416 
5041-0980 
0510-0609 
1990-0871 
1600-1185 
0624-0282 
0515-0406 
3050-0010 
0515-0229 
0515-0211 
0380-1577 
0380-1576 
0515-0412 
3050-0066 
4040-2132 
0515-1325 
5040-7222 
5040-7201 
5040-5195 
1460-1345 


POOWWOWO—S-WAWONAWHA OWA ODMH LOCO OWMWA WHOA MOWAN+TAADAD A 


—-3NNOAOhMNPH EHP ISH NH Be HSH HSB aH YAH AH ARH HM HM BT] ws | bo 


TRIM STRIP 

TOP SHELL 

PANEL-SILKSCREENED (REAR) 

FOAM 90.1 X 9.99MM 

STRAIN RELIEF 

HP-IL COVER ASSEMBLY 

PANEL RECEPTACLE PANEL ASSY W/1.0 IN LG 
COVER-ACCESS (SILKSCREENED) 
SCREW-CAPTIVE M3.0 X 16 

WASHER-FL SCR-5 

SCREW-CAPTIVE M3.0 X 10 THD 
SCREW-MACH M3.5 X 0.6MM-LG PAN-HD 
STANDOFF-HEX 19.05MM-LG M3.0 X 0.5-THD 
WIRE-LGD 4” (BLK) 

BRACKET-BATTERY 

SHIELD (BOTTOM) 

SHIELD (TOP) 

RETAINER-PUSH ON CIRC EXT .375-iIN-DIA 
NUT HEX M3.0 X 0.5 

WASHER-LK HLCL 3.0MM 3.1-MM-ID 
FRONT PANEL ASSEMBLY 

WIRE-LGD 26" (RED) 

PUSHROD-PLASTIC 

KEY CAP POWER 

RETAINER-PUSH ON RND EXT .079-IN-DIA 
LIQUID CRYSTAL DISPLAY 
FASTENER-RACK MOUNT 

SCREW-TPG 6-32 .312-IN-LG PAN-HD-POQZI 
SCREW-MACH M3 X 0.5 8MM-LG PAN-HD 
WASHER-FL MTLC NO. 6 .147-IN-ID 
SCREW-MACH M3.5 X 0.6 50MM LG PAN-HD 
SCREW-MACH M3 X 0.5 6MM-LG PAN-HD 
STANDOFF-HEX 23-MM-LG M3.0 X 0.5-THD (TOP) 
> TANDOFF-HEX 19-MM-LG M3.0 X 0.5-THD 
SCREW-MACH M3 X 0.5 25MM-LG PAN-HD 
WASHER-FL MTLC NO. 6 .147-IN-ID 
SPACER .57-IN-DIA 2.143-IN-LG 
SCREW-MACH 4 X .7MM 

FOOT NON-SKID 

FOOT (STANDARD) 

BOTTOM SHELL 

TILT STAND SST 








— 





(19) (SCREW) 
(LOCKWASHER) 
(SCREWS FOR 


SLOT 1 OPTION 
NOT SHOWN) 





(NOT VISIBLE) (34) 


Figure 1-6-1. HP 3421A Miscellaneous and Mechanical Parts 
1-6-17/1-6-18 











Side Handle Kit (Option 401 Mechanical and Miscellaneous Parts 










HP Part 
Number 


index/Ref 
Number 











Description 






5061-1171 | KIT-HNDL, $ Il IN 
0590-1428 NUT-LOCKLINK 
4040-1991 BUMPER-VERTICAL FT 
2360-0482 SCREW-FILH 6-32 
4040-1992 HANDLE-MNT, REAR 
1460-1938 | WIRE FORM, HANDLE 
0890-1411 EXTRUSION, HANDLE 
2510-0105 SCREW-MACH 8-32 
4040-1993 HANDLE-MNT, FRONT 





Oy oanh Wp 







| Index/Ref 
Number 








59061-1170 2 KIT-FRONT HNDL 
5061-9498 | HNDL-FRONT, SYS Il 
2510-0106 | | SCREW-MACH 8-32 
5020-8895 | TRIM FRONT HNDL 












Rack Mount Kit (Option 908) Mechanical and Miscellaneous Parts 
Index/Ref HP Part 


5061-1168 | 8 | 1 | KIT-RKMT 3.51 IN 
5020-8934 | 4 | 2 | RACK MTGFL 
2510-0181 | 3 | 4 | SCREW-PH 8-32 .5LG 


Rack Mount with Handle Kit (Option 909) Mechanical and Miscellaneous Parts 


Index/Ref HP Part = | C | 
Number Number | D Description 


5061-1169 | KIT-RKMT/HNDLS 
5061-9498 | HNDL-FRONT, SYS I 
5020-8935 RACK MTG FL 











2510-0111 SCREW-MACH 8-32 


— 








INSTRUCTIONS 
iHANDLE TO BE INSTALLED ON RIGHT HAND SIDE ONLY: 


REMOVE THE RIGHT HAND SIDE TRIM STRIPS. 

INSTALL THE FOUR NUT-LOCK-LINKS INTO THE FOUR SQUARE HOLES ON THE REAR OF 
THE INSTRUMENT. GENTLY TAP THEM IN PLACE. 

INSTALL THE VERTICAL BUMPER FOOT (4040-1991) ON THE REAR OF THE INSTRUMENT 
THIS IS TO BE INSTALLED ON THE RIGHT SIDE AS YOU FACE THE REAR OF THE INSTRU- 
MENT. USE 2 FILISTER HEAD SCREWS (2360-0482). 

INSTALL WIREFORM (1460-1938) INTO (0890-1411) EXTRUSION HANDLE THEN HOOK ONE 
END OF THE WIRE FORM ON THE GROOVE IN THE REAR HANDLE MOUNTING (4040-19932). 
INSTALL USING 2 FILISTER HEAD SCREWS (2360-0482) 

TAKE OTHER END OF HANDLE AND HOOK WIRE FORM OVER GROOVE IN FRONT HANDLE 
MOUNTING. USE 2 SCREWS (2510-0105) TO INSTALL FRONT HANDLE MOUNTING TO IN- 
STRUMENT CASE SIDE. 


( INSTRUCTIONS 


1. REMOVE SIDE TRIM STRIPS. 

2. ATTACH RACK MOUNT FLANGE AND FRONT HANDLE ASSEMBLY WITH 
2 SCREWS PER SIDE. 

3. REMOVE FEET AND TILT STANDS BEFORE RACK MOUNTING. 





INSTRUCTIONS 


1. REMOVE SIDE TRIM STRIPS. 
2 ATTACH FRONT HANDLE ASSEMBLY WITH 2 SCREWS PER SIDE 
3 PRESS FRONT HANDLE TRIM IN PLACE. 





INSTRUCTIONS 


REMOVE SIDE TRIM STRIPS. 
ATTACH RACK MOUNT FLANGE WITH 2 SCREWS PER SIDE 
REMOVE FEET AND TILT STANDS BEFORE RACK MOUNTING 


why 


Figure 1-6-2. Handle and Rack Mounts Kits (Options 401, 907, 908, and 909) 
Mechanical and Miscellaneous Parts 
1-6-19 


Replaceable Parts HP 3421A 
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HP 44462A Muitiplexer/Actuator Assembly Miscellaneous and Mechanical Parts 


Index/Ref HP Part | 
Number | Number Description 


1480-0617 ' CLEVIS-M3.0 X 18.2 

0510-0952 RETAINER-RING E-R EXT .094-IN-DIA STL 
1390-0624 | 3 SCREW-CAPTIVE M3.0 X 36 

1251-/938 ) | CONNECTOR EDGE 2 X 11 





Figure 1-6-3. HP 44462A Multiplexer/Actuator Assembly (Options 020, 021, 022) 
Mechanical and Miscellaneous Parts 





1-6-20 











HP 3421A 


et ee 
ee 
Pe eM ae 
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a dee 


ee ee eee eS | tees st 


Index/Ref | HP Part 
Number | Number Description 


1480-0617 | CLEVIS-M3.0 X 18.2 

0510-0952 RETAINER-RING E-R EXT .094-IN-DIA STL 
2190-0879 WASHER-FL NM NO. 4 .128-IN-ID .245-IN-OD 
0380-0008 | | SPACER-RND .5-IN-LG .18-IN-ID .25-IN-OD 
1390-0624 | SCREW-CAPTIVE M3.0 X 36 

1251-0233 


*Connector with hardware can be ordered using HP Number 44466-62101 Connector 
with hardware and instructions can be ordered under HP Number 44466A 





Figure 1-6-4. HP 44465A Digital 1/0 Assembly (Option 050) 
Mechanical and Miscellaneous Parts 


Replaceable Parts 


1-6-2] 


Replaceable Parts HP 3421A 
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Index/Ref HP Part 
| Number Number 









Description 









| SCREW-TPG 4-40 .25-IN-LG PAN-HD-PHL 
STPG-SS PIL CLIP 
CONN-ASSY HPIL 
| CVR-HP-IB, SSCRN‘D 
| SCREW-CAPTIVE M3.0 X 10 
HP-IB-COVER ASSY 
STANDOFF-HEX M/F .327-IN-LG 4-40-THD 
CONNECTOR 24-PIN F AMP CHAMP 
SCREW-MACH M3 X 0.5 6MM-LG PAN-HD 


0624-0023 
1600-1172 
03421-62101 
03421-04101 
1390-0626 
03421-64102 
0380-1188 
1251-5529 
0515-0211 
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Figure 1-6-5. HP 44461A HP-IB Option Assembly (Option 201) 
Mechanical and Miscellaneous Parts 





1-6-22 
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4) (SCREW) 


‘ENTIRE COVER (4) (NUT) 


ASSY-ASSEMBLED) 
(COVER ONLY) 










(6) (LOCK WASHER} 


YY) (WASHER) 


a en ee nee es ees © clsemee s UMeT 


FOR CONTINUED FIRE PROTECTION 








WARNING:: 





Fey tic 





A, USE SPECIFIED FUSE ow 27ow 240 
Le WARNING: wo user SenwiceABLe PARTS RESET ro ume JA 10% 45% 


1 SOmay 2 SOV 


(ENTIRE HP-IL ASSEMBLY) 


PES LE 





(CLIP) 
(REAR PANEL) 
(SCREW) 








@ (19) (SCREW) (18) 
€) (WASHER) 


I 
ed 
a 
7 
- 
7 
ae 
bd 
“a 
a 
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oe Lal Cee I 


oe ee 


(SHEET METAL, 
TERMINAL STRIP, | 
& J809 CONNECTOR) (SHIELD) 





7 


(LEXAN INSULATOR} 


HP 3421A 12 Vde Power Adapter Option Miscellaneous and Mechanical Parts 







Index/Ret 
Number 


Oo Oo so ine Go AD 





HP Part 
Number 





03421-04104 
03421-64105 
12517-00171 
0515-0054 
0535-0004 
2190-0005 
3050-0716 
0515-0406 
03421-00202 
03421-62101 
1600-1172 
0624-0023 
1390-0626 
03421-61604 
03421-61603 
0340-1067 
03421-64107 
03421-01203 
0515-0416 
3050-0006 
03421-00606 



















HOODOO WBOMwmbs BO MWe wo +] ] fp 


Description 







COVER-12VCD 

COVER ASSY-12VCD 

CONNECTOR 4-PIN F JONES TYPE 
SCREW-MACH M3 X 0.5 TOMM-LG PAN-HD 
NUT-HEX DBL-CHAN M3 4 0.5 2.4MM-THK 
WASHER-LK EXT NO. 4 .116-IN-ID 
WASHER-FL MTLC NO. 5 .128-IN-ID 
SCREW-MACH M3 A 0.5 8MM-LG PAN-HD 
PANEL-REAR 12VCD 

CONNECTOR-ASSY HPIL 

oTPG-SS PIL CLIP 

SCREW-TPG 4-40 .25-IN-LG PAN-HD-PHL 
SCREW-CAPTIVE M3.0 X 10 

12VDC SOURCE CABLE 

CABLE-ASSY CHARGER 

INS-HT SHLD 

PLATE-MTG HPIB 

BRACKET-CONN 

SCREW-MACH M4 X 0.7 16MM-LG PAN-HD 
WASHER-SHLDR NO. 10 .2-IN-ID .5-IN-OD 
SHIELD-LEXAN HPIB 





Figure 1-6-6. HP 3421A 12 Vde Power Adapter Option (Option 214) 


Mechanical and Miscellaneous Parts 
1-6-23/1-6-24 











SECTION VII 
MANUAL CHANGES 


1-7-1. INTRODUCTION 


1-7-2. This section adapts Chapter | to HP 3421 As with a serial number prefix, serial number, 
or ERC (Engineering Revision Code) number different than shown on the title page. The 
serial and ERC numbers are described in paragraphs 1-7-3 and 1-7-5, respectively. 


1-7-3. Serial Numbers 


1-7-4. The serial number is found on the HP 342] A’s rear panel in the form of OOOOAOQOOO0. 
The first four digits and the letter are the prefix. The last five digits are the suffix. The prefix 
is often the same for all identical units produced. It only changes when an instrument change 
occurs. Use the prefix number to help identify the instrument’s electrical and mechanical 
configuration changes caused by engineering changes. For some changes, however, the prefix 
number may remain the same. The suffix is assigned sequentially. It is different for each 
instrument produced. 


1-7-5. Engineering Revision Code (ERC) 


1-7-6. The engineering revision code (ERC) is changed for any assembly change made. This 
includes a printed circuit board revision or a component value change. Added or deleted 
components, a component part number change, or a revised test and assembly procedure 
can also cause ERC changes. ERCs were implemented on the HP 3421A with the 03421-6651 | 
motherboard introduction. The first ERC number was 2334. The number is on the ERC label 
and is the only one on the circuit board with four digits. Refer to Section I for more infor- 
mation on ERC numbers. 


1-7-7. CHAPTER CHANGES 


1-7-8. The changes listed in this section updates this chapter to your instrument. Most changes 
apply to the schematics and component locators in Section VIII (Service Group H), and to 
the parts list in Section VI. For minor component locator and schematic changes, use the 
information in this section to update Section VIII. For major changes, do not update Sec- 
tion VIII, but use the schematics and component locators in this section. For example, the 
control logic schematic and component locator for HP 3421A’s with a 03421-66501 mother- 
board are in this section, instead of Section VIII. 


1-7-9. Use Table 1-7-1 to locate the correct change number(s) for those intruments with a 
serial number prefix, serial number, or ERC number different than shown on the title page. 
Make the appropriate chapter changes under the change number(s). Make the highest number 
change first. For example, for changes 4 and 5, make change 5 first before making 4. 


1-7-10. For any serial number prefix, serial number range, or ERC number not listed on 
the title page or in Table 1-7-1, refer to the MANUAL CHANGES supplement (if included) 
for updating information. Also make all indicated ERRATA changes to correct any errors 
in this chapter. 


1-7-11. For any component values that are different on the schematic or parts list and are 
NOT listed in this section or a MANUAL CHANGES supplement, replace with the value 
presently on the schematic and parts list. Do the same with component part numbers. 


—l 


Manual Changes HP 34214 


Tabie 1-7-1. Chapter 1 Changes 


Serial Number or © 
Serial Number Prefix Make Changes 


2218A None 12,11,9,7,6,5,4,3,2,1 
2236A None 12,11,9,7,6,5,4,3,2 
2247A00181 thru 2247A00330 None 12,11,9,7,6,5,4 


2247400331 to Serial Prefix 3338A None 12,11,9,7,6,5 
(but nat including 2338A) 


2338A03035 and Below None 12,11:3,7.6 
2338A03052 and Below 2aa4 12,.11,10,9,7 
2338403053 thru 2338A03265 7410 12,11,10,9,8 
23384042775 and Below NA 12,117,10,9 
2338A03052 thru 2338A03036 2a34 12,1TT,10 
2410 
2417 
| 2338405625 and Below 2505 and Below Tz 11 


1228A06935 and Below 2518 and Below Li 





CHANGE 1 
Description 


This change modifies the hardware used to secure the motherboard to the chassis, and the 
hardware used for options occupying slots 0 and 1. Instruments with serial prefix 2218A 
have four standoffs riveted to the motherboard to support the option occupying slot 0. Four 
spacers (P/N 0380-1877) separate the slot 0 and slot 1 options. The options are secured to 
the chassis by four screws (P/N 0515-0229). The four spacers and screws are also used to 
secure the motherboard to the chassis when there are no options in slots 0 and 1. The mother- 
board also requires one additional screw (P/N 0515-0406) to secure it to the chassis. The 
bottom shield for this serial prefix has screw holes that are sized to accomodate the four 
screws. This hole size was changed in later instruments. However, this shield is not available 
for replacement. If the motherboard is being replaced with one that does not have the standoffs 
riveted to it, the bottom shield must also be replaced with P/N 03421-00601. 





Figure 1-6-1. (Miscellaneous Parts) Changes 
Do the changes in the table in Figure 1-6-1 as shown in Table 1-7-2. 


Table 1-7-2. Make changes in the Table in Figure 1-6-1 (Change 1) 


Index/Ref HP Part 
Number Number Description 


STANDOFF-HEX 19.05-MM-LG M3.0 X 0.5-THD 
SCREW-MACH M3 X 0.5 6MM-LG PAN-HD 
STANDOFF-HEX 23-MM-LG M3.0 X 0.5-THD 


















0380-1576 
0515-0211 
0380-1577 








SCREW-MACH M3 X 0.5 8MM-LG PAN-HD 













0380-1577 
0515-0229 


3 TANDOFF-HEX 23-MM-LG M3 X 0.5-THD 
SCREW-MACH M3.5 X 0.6 50MM-LG PAN-HD 
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HP 3421A Manual Changes 


* Description 


This changes the electrical configuration of the power transformer, deletes lwo test points, 
and deletes the HP-IB ground connector. 


CHANGE 2 


Schematic 3 (Power Supply) Changes 


Use the schematic in Figure 1-7-8 instead of Schematic 3 in Service Group H. Make the follow- 
ing changes in the figure. 


Delete J702 (HP-IB Ground Connector), TP509, and TP510. 


Change the electrical configuration of the power transformer as shown in Figure 1-7-1. 








\ Crit. 
Lo00pF T 


rig 


cnet 
, LO00pF | 





Figure 1-7-1. Power Transformer Configuration for Serial Number Prefix 2236A and Below 
Component Locator Changes 


Use the component locator in Figure 1-7-4 instead of the one in Service Group H. Make 
the following changes in the figure. 


Delete J702 (HP-IB Ground Connector), TP509, and TP510. 


Table 1-6-3. (Replaceable Parts) Changes 
Do the changes in Table 1-6-3 as shown in Table 1-7-3. 


Table 1-7-3. Make Changes in Table 1-6-3 (Change 2} 


Reference HP Part 
Designation Number Description 
Delete: 
A1lJ7O2 1251-7467 1 CONNECTOR-SGL CONT QDISC-M .11-IN-BSC-52 
Change: (Under Miscellaneous) 
1251-0600 32 | CONNECTOR-SGL CONT PIN 1.14-MM-BSC-SZ SQ 












1-7-3 


Manual Changes HP 34214 


CHANGE 3 


Description 

This change applies to the instrument’s control logic and power supply circuitry. It consists 
of deleting C518 and C519 in the clock circuitry and changing the value of R583. Also, the 
value of R726 is changed in the power supply’s electrostatic protection circuitry. The R583 
and R726 resistor values presently in the HP 3421A improves the counter’s input sensitivity 
and improves the electrosttic protection circuit’s protection capability. If R583 or R726 is 
to be changed, use the values presently in Table 1-6-3. 

Schematic 2 (Control Logic) Changes 


Use the schematic in Figure 1-7-5 instead of Schematic 2 in Service Group H. Make the follow- 
ing changes in the figure. 


Delete C518 and C519 
Add a connection between U508 pin 3 and U510 pin 4 
Change R583 from 15k to 39k 

Schematic 3 (Power Supply) Changes 


Use the schematic in Figure 1-7-8 instead of Schematic 3 in Service Group H. Make the follow- 
ing changes in the figure. 


Change R726 from 470 to 10k 
Component Locator Changes 


Use the component locator in Figure 1-7-4 instead of the locator in Service Group H. Make 
the following changes in the figure. 


Delete C518 and C519 
Table 1-6-3 (Replaceable Parts) Changes 
Do the changes in Table 1-6-3 as shown in Table 1-7-4. 
Table 1-7-4. Make Changes in Table 1-6-3 (Change 3) 


Reference HP Part 
Designation Number 


Delete: 
AIC518 0160-4801 CAPACITOR-FXD 100PF +5% 100VDC CER 
A1C519 0160-3847 CAPACITOR-FXD .O1UF +100-0% 50VDC CER 









Description 






















0683-4715 
0683-3935 
0757-0442 
0757-0442 


RESISTOR 470 5% .25W FC TC =-400/ +600 
RESISTOR 39K 5% .25W FC TC =-400/ +800 
RESISTOR 10K 1% .125W F TC=0+100 
RESISTOR 10K 1% .125W F TC=0+ 100 











HP 3421A Manual Changes 


* Description 


This change alters the value of R308 in the AC to DC Converter, The resistor presently in 
the circuit increases the current to U301 to prevent possible oscillations. If the resistor Is 
to be replaced, use the value presently in Table 1-6-3. 


CHANGE 4 


Schematic 1 (input Circuitry) Changes 

Do the following changes on Schematic | located in Service Group H. 
Change R308 from 3M to 10M 

Table 1-6-3 (Replaceable Parts) Changes 

Do the changes in Table 1-6-3 as shown in Table 1-7-5. 


Table 1-7-5. Make Changes in Table 1-6-3 (Change 4) 
Reference HP Part 
Designation Number Description 
| Change: | 
ATR308 0699-0073 1 RESISTOR 10M 1% .125W F TC=;-150 













CHANGE 5 
Description 


Starting with serial number prefix 2338A, a motherboard revision occurred. The mother- 
board part number for that prefix is 03421-66511 and the ERC number is 2334. Before the 
change, the motherboard part number was 03421-66501. For the 03421-66501 motherboards, 
use the component locator in Figure 1-7-4 (in this section) in place of the one in Service Group 
H. Also use the schematic in Figure 1-7-5 in place of Schematic 2 in Service Group H. 
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Manual Changes HP 3421A 


Schematic 1 (input Circuitry) Changes 


Do the following changes on Schematic | located in Service Group H. 





DELETE THIS RESISTOR 

AND MAKE CONNECTION 

BETWEEN U203 PIN 6 
AND U102 PIN 20%, 


peel 


| RAeO6 | 
isk 


GATE BIAS AMP 


a421A 5 7-2 


Figure 1-7-2. Delete R206 from Schematic 1 (in Service Group H) 


ADD THIS 
RESISTOR | 
| , 3g | 
| R110 
— R107 18.7K 
| K4104 aK uide 





== 





Figure 1-7-3. Add R110 to Schematic 1 (in Service Group H) 


Delete R206 and make a connection between U203 pin 6 and U102 pin 20 as shown in 
Figure 1-7-2. 


Add R110 to Schematic | as shown in Figure 1-7-3. 
Schematic 2 (Control Logic) Changes 
Use the schematic in Figure 1-7-5 instead of Schematic 2 in Service Group H. 
Schematic 3 (Power Supply) Changes 


Use the schematic in Figure 1-7-8 instead of Schematic 3 in Service Group H. Make the follow- 
ing changes in the figure. 


Delete R732 and C721. 














HP 3421A 


Component Locator Changes 


NMlanual Changes 


Use the component locator in Figure 1-7-4 instead of the locator in Service Group H. 


Table 1-6-3 (Replaceable Parts) Changes 


Do the changes in Table 1-6-3 as shown in Table 1-7-6. 


Delete: 
A1C540 
AITC721 


AICR540 | 


A1CR541 
AICR542 


AICR543 | 


A1CR544 
AICR545 
A1R206 
A1R540 
A1R541 
AlR542 
AIR732 


Change: 
A1CR300 
A1CR501 
A1CR502 
A1R503 
ATR504 
A1R505 
AIR584 
A1T501 


Add: 
A1C501 
A1C502 
AICR503 
A1CR504 
A1CR508 | 
A10Q531 | 
A1R110 
A1R501 
A1R502 
A1R515 
A1R534 
A1R535 
A1T502 


Table 1-7-6. Make Changes in Table 1-6-3 (Change 5) 


0160-3847 
0160-3847 
1901-0050 
1901-0050 
1901-0050 
1901-0050 
1901-0050 
1901-0050 
0683-1535 
0698-4483 
0698-4483 
0698-4483 
0683-1005 


1901-0050 
1902-0970 
1902-0970 
0683-1535 
0683-1835 
0683-1045 
0683-5115 
97140-0600 


0160-4810 
0160-4810 
1901-0050 
1901-0050 
1902-0040 
1854-0215 
0698-4483 
0698-3446 
0698-3446 
0683-1055 
0663-1045 
0683-5135 
9100-4199 


Reference HP Part | C | 
Designation Number | OD 


Description 


CAPACITOR-FXD .O1UF +100-0% 1OVDC TA 
CAPACITOR-FXD .O1UF + 100-0% 1OVDC TA 
DIOQDE-SWITCHING 80V 200MA 2NS DO-35 
DIODE-SWITCHING 80V 200MA 2NS DO-35 
DIODE-SWITCHING 80V 200MA 2NS DO-35 
DIODE-SWITCHING 80V 200MA 2NS DO-35 
DIODE-SWITCHING 80V 200MA 2NS DO-35 
DIODE-SWITCHING 80V 200MA 2NS DO-35 
RESISTOR 15K 5% .25W FC TC = —400/+ 800 
RESISTOR 18.7K 1% .125W F TC =0+100 
RESISTOR 18.7K 1% .125W F TC=0+ 100 
RESISTOR 18.7K 1% .125W F TC =0+100 
RESISTOR 10 5% .25W FC TC= —400/+ 500 


DIODE-SWITCHING BOV 200MA 2NS DO-35 
DIODE-ZNR 33V 5% DO-D5 PD= +.097% 
DIODE-ZNR 33V 5% DO-D5 PD= + .097% 
RESISTOR 15K 5% .25W TC= — 400/+ 800 
RESISTOR 15K 5% .25W TC= — 400/+ 800 
RESISTOR 100K 5% .25W TC= —400/+ 800 
RESISTOR 510 5% .25W FC= —400/+ 600 
TRANSFORMER-P/L DRIVER 


CAPACITOR-FXD 330PF +5% 100VDC CER 
CAPACITOR-FXD 330PF +5% 100VDC CER 
DIODE-SWITCHING 80V 200MA 2SN DO-35 
DIODE-SWITCHING 8OV 200MA 25N DO-35 
DIODE-ZNR 14V 5% DO-35 PD=.4W TC= + .56% 
TRANSISTOR NPN SI PD = 350MW FT = 300MHZ 
RESISTOR 18.7K 1% .125W F TC =0+100 
RESISTOR 383 1% .125W F TC=0+ 100 
RESISTOR 383 1% .125W F TC =0+ 100 
RESISTOR 1M 5% .25W FC TC = —800/+ 900 
RESISTOR 100K 5% .25W FC TC= —400/+ 800 
RESISTOR 51K 5% .25W FC TC = —400/+ 800 
TRANSFORMER-PULSE RECEIVER XFMR 





[-/-] 
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UPD5101 
UPD5101 
UPD5101 
64k ROM 
64k ROM 
74LS373 
8039 CPU 
74LS00 
74LS04 
6243 
8243 
MC14050 
LM393 
MC14001 
MC14081 
MC14013 
LM393 


LM393 


G 
C 
C 
C 
C 
C 
E 
C 
CG 
Cc 
D 
D 
D 
D 
D 
E 
D 
G 
D 
E 
C 
C 
F 
F 
= 
B 
E 
E 
E 
D 
E 


1LB3-0003 


1818-1754 


1818-1754 
1818-1754 
1818-3079 
1818-3080 
1820-2102 
1820-2718 
1820-1197 
1820-1199 
1820-2177 
1820-2177 
1820-1146 
1826-0412 
1820-1745 
1820-1486 
1820-0939 
1826-0412 


1826-0412 


Grid Locator For Control Logic Components 


Reference Reference 
Designator Designator 


IC Power Supply Configurations for Control Logic 


22 


22 


22 


24 





Reference Reference 
Designator Designator 
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Figure 1-7-5. 03421-66501 Control Logic Schematic (Schematic 2) 
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Manual Changes HP 3421A 


CHANGE 6 


Description * 


This changes the AlU401 part number. If the component replacement is required, use part 
number presently in Table 1-6-3 


Table 1-6-3 (Replaceable Parts) Changes 
Do the changes in Table 1-6-3 as shown itn Table 1-7-7. 


Table 1-7-7. Make Changes in Table 1-6-3 (Change 6) 


Reference HP Part 
Designation Number Description 





Change: 
A1U401 1826-0059 2 IC OP AMP GP TO0-99 PKG 


CHANGE 7 


Description 


This change modifies the power supply circuitry, ohms input circuitry, and the Wake Up 

Logic circuitry (part of the control logic circuitry). It also changes the ROMs U505 and U506 

part number, These ROM part numbers are not interchangeable with the ROMs presently = 
listed in Table 1-6-3. They are also no longer available. When any ROM replacement is re- 

quired, use the ROMs presently listed in Table 1-6-3. When doing this, the ohms input cir- 

cuitry needs to be modified as presently shown on Schematic | in Service Group H. A Replace- 
ment/Update kit is available with the new ROMs. It includes the necessary parts and in- 

structions. Order this kit for any ROM replacement. You can order it from Hewlett-Packard 

using part number 03421-87901. 


Section Ill, Operation Changes 


Because of the extensive circuitry changes of the Wake Up Logic, the older instrument’s battery 
operation is different than presently explained in the chapter. Change paragraph 1-3-7 in 
Section II] to the following. 


1-3-7. The instrument can be operated from its internal battery for 12 hours, when HP- 
IL is the interface, or for six hours if it is HP-IB, assuming the battery has a full charge 
when portable operation begins. If the battery is low (<5.8V), the instrument will power 
down approximately three seconds after turn on. If the battery goes below 5.8V during 
operation, the instrument will power down in approximately three minutes after detecting 
the low battery. The battery is charged automatically when the instrument is connected 
to the ac line. A discharged battery that is between 1V and 5.8V can take up to 16 hours 
to fully charge with the front panel switch off. When the switch is on, it takes about 21 
hours to charge if the HP 3421A has HP-IL and longer if equipped with HP-IB. A fully 
discharged battery (<1¥V) can take up to 48 hours to charge. 
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HP 3421A Manual Changes 


Schematic 1 (input Circuitry) Changes 
* Do the following changes on Schematic i located in Service Group H. 


Delete C205 from the junction of L201 and R204. 
Schematic 2 (Control Logic) Changes 
Use the schematic in Figure 1-7-7 instead of Schematic 2 in Service Group H. 
Schematic 3 (Power Supply) Changes 
Use the schematic in Figure 1-7-8 in place of Schematic 3 in Service Group H. 
Component Locator Changes 
Use the component locator in Figure 1-7-6 instead of the locator in Service Group H. 
Table 8-E-2 (ROM Data Bus Signatures) Changes 


Use the table shown in Table 1-7-8. 


Table 1-7-8. Change Table 8-E-2 (Change 7) 


+5V Signature: 3428 
| Mnemonic _| function | Check At__| Signature | __ Also Appears At 


DO Data Bit O U505(9) U506(9),U504(9, 10), 
U502(19,10),U501(14}, 
U508(12),U807(18), 
E501(3,14),RP501(3) 





07 Data Bit UW505110) U506(10),U504(11,12), 
W5O2(1 1,72, U50T (13), 
U508(13), US07(17}, 
E501(4,13), RP501(4) 
Or Z W50511 1) U506(11),U504(13, 14), 
U502(13,14),U501(12), 
U508(14),U507(14), 
E501(7,10),RP501(7) 
DS U505(13) U506(13),U504(15, 16) 
J502(15,16),U501(11), 
U508(15),U507(13), 
E501(8,9),RP501(8) 


b4 Bit U505(714) 


U506(14),U503(9, 10}, 
U501(9),U508(16}, 

| U507(8),E501(6,11). 
RP501(6) 


DS U505(15) | U506(15),U50311 1, 12}, 
U501(8),U508(17), 
U507(7),E501(5,12), 
RP501(5) 

D6 U505(16) U506(16}),U503(13,14) 

U501(7),U508(18), 

U507(3),E501(1,16), 

RPSOT1(7) 

Di? U505(17) U506(1/),U503(15, 16), 

U501(6),U508/ 19), 

U507(4),E501(2,15), 

RP501(2) 
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Manual Changes HP 34214 
Table 1-6-3 (Replaceable Parts) Changes 
Do the changes in Table 1-6-3 as shown in Table 1-7-9. + 


Table 1-7-9. Make Changes in Table 1-6-3 (Change 7) 


Reference HP Part 
Designation Number 


Description 


1-7-12 


Delete: 
A1C205 
A1C722 
A1C723 
AIC724 
AICR584 
A10708 
A1R587 
ATR733 
AIR734 
AIR735 
A1R736 


0170-0021 
0180-0197 
0180-0197 
0180-0228 
1901-0050 
1854-0071 
0698-8777 
0698-3228 
0757-0472 
0683-5145 
0698-4486 


0180-0228 
0180-0197 
1901-0050 
1902-0970 
1902-0970 
1854-0071 
0698-3228 
0683-5145 
0698-4486 
1818-3079 
1818-3080 


WOanOdwi ss wamoom 


Omu ne ]9NMOW Om 


CAPACITOR-FXD 4700PF + 10% 400VDC POLYP 
CAPACITOR-FXD 2.2UF +10% 20VDC TA 
CAPACITOR-FXD 2.2UF +10% 20VDC TA 
CAPACITOR-FXD 22UF +10% 15CDC TA 
DIODE-SWITCHING 80V 200MA 2NS DO-35 
TRANSISTOR NPN SI PD = 300MW FT = 200MHZ 
RESISTOR 1K 5% .25W CC TC=-400/ + 800 
RESISTOR 19.9K 1% .125W F TC=0+ 100 
RESISTOR 200K 1% .125W F TC =0+100 
RESISTOR 510K 5% .25W FC TC=-800/+3900 
RESISTOR 24.9K 1% .125W F TC=02100 


CAPACITOR-FXD 22UF +10% 15VDC TA 
CAPACITOR-FXD 2.2UF +10% 20VDC TA 
DIODE-SWITCHING 80V 200MA 2NS DOQ-35 
DIODE-ZNR 33V 5% DO-D5S PD= +.097% 
DIODE-ZNR 33V 5% DO-D5 PD= +.097% 
TRANSISTOR NPN SI PD =300MW FT = 200MHZ 
RESISTOR 19.9K 1% .125W F TC=0+100 
RESISTOR 510K 5% .25W FC TC=-800/+ 900 
RESISTOR 24.9K 1% .125W F TC=0+ 100 
IC-ROM 64K (3421A) 

IC-ROM 64K (3421A) 











Manual Changes 
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HP 3421A 
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HP-IL 
UPD5101 
UPD5101 
UPD5101 
64k ROM 
64k ROM 
74L5373 
8039 CPU 

74L500 
74L504 

8243 

B243 
MC14050 

LM393 
MC14001 
MC14081 
MC14013 

LM393 


LM393 


1LB3-0003 
1818-1754 
1818-1754 
1818-1754 
1818-3079 
1818-3080 
1820-2102 
1820-2718 
1620-1197 
1820-1199 
1820-2177 
1820-2177 
1820-1146 
1826-0412 
1820-1745 
1820-1486 
1820-0939 
1826-0412 


1826-0412 


Grid Locator For Schematic 2 Components 


IC Power Supply Configurations for Schematic 2 
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Reference Grid Reference Reference Reference 
Designator Column Designator Designator Designator 


BT501 
C503 
C504 
C505 
C506 
C507 
C508 
C509 
C510 
C511 
CoT2 
C513 
C514 
C515 
C516 
C517 
C518 
C519 
C531 
C540 
C581 
CR501 
CR502 
CR505 
CR506 
CR507 
CR540 
CR541 
CR542 
CR543 
CR544 
CR545 


- 
C 
C 
E 
Cc 
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C 
D 
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G 
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Figure 1-7-7. 03421-66511 Control Logic Schematic (Schematic 2) 


with ERC 2334 
1-7-15/1-7-16 


iC Power Supply Configurations for Schematic 3 


1,4,5,8, 12,15 


4 





Grid Locator For Schematic 3 Components 


Reference Grid Reference Reference Reference Grid 
Designator Column Designator Designator Designator Column 





C700 A CR708 B QO7/01 A R723 B 
C701 A CR709 B Q702 B R724 B 
C702 A, CR710 A-B QO703 B R725 B 
COS A CR711 B Q704 A R726 A 
C704 A CR7 12 B Q705 B R727 A 
C7O5 B CR713 A-B 0706 B R728 A 
C706 B CR714 A QO707 B R/2g A 
C7O7 B CR/15 B R/O00 A, R/30 B 
C708 B CR/16 B R701 A, R731 A 
C709 B CRI17 A R/O2 B R732 B 
C710 B CR718 B R/O3 B RT 700 A-B 
C711 A-B CR719 A R704 B $700 B 
Ciil2 A F/O00 G R7O5 A T/00 A 
C713 B FX 700 G R/O6 B T701 B 
c7i4 B FX/O1 A R#O7 B TP+5¥V B 
C715 B J700 A R/O8 B TP + 715¥V B 
C716 B J701 a R/O9 B TP=—15¥ B 
C717 A J702 A R710 B TPBATT G 
CTS By JM102 F R711 A TPLPD B 
Ci1Tg B JM700 {LLBi A ns t2 A TPLPU B 
C720 A, JM701 (+15) B R/13 B TPREF B 
C721 A JM7O2 (-— 15) B R714 A TPVB A 
CR700 A, JM703 (+5) 6 R715 B TPVBATT A, 
CR701 A, JM 704(VBATT) B R716 A TP700 A 
CR/02 A, JM705 (LPD) B R/17 A TPF I3 AN 
CR7O3 A JM706 (VB) B R718 A U700 B 
CR/04 A JM707 B R719 A U701 B 
CR705 B K 700 B R720 A U702 B 
CR706 B L/OO A R721 A U703 B 
CR/O7 B Q700 A Rf22 A 
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Figure 1-7-8. 03421-66511 Power Supply Schematic (Schematic 3) 
with ERC 2334 
1-7-17 


Manual Changes HP 3421A 


CHANGE 8 oo 
Description ¢ 


This change applies to the control logic and power supply circuitry of the instrument. [he 
change includes changing the value of R587 in the Wake Up Logic and changing the value 
of R734 in the power supply circuitry. If RS87 and/or R734 is to be replaced, use the values 
presently in Table 1-6-3. 





Schematic 2, Control Logic Changes 

Do the following change on Schematic 2 In Service Group H. 
Change the value of R587 from 10K to IK. 

Schematic 3 (Power Supply) Changes 

Do the following change on Schematic 3 in Service Group H. 
Change the value of R734 from 402K to 200K. 

Table 1-6-3 (Replaceable Parts) Changes 

Do the changes in the Table 1-6-3 as shown in Table 1-7-10. 


Table 1-7-10. Make Changes in Table 1-6-3 (Change 8) 





Reference 
Designation Number Description 


Change: 

ATR404 0757-0472 RESISTOR 200K 1% .125W F TC=0+ 100 
ATR512 0698-8777 RESISTOR 1K 5% .25W CC TC = —400/+ 900 
AIR587 0698-8777 RESISTOR 1K 5% .25W CC TC= —400/+ 900 
A1R734 0757-0472 RESISTOR 200K 1% .125W F TC =0+100 





CHANGE 9 


Description 


Instruments with serial numbers 2338A04275 and below had different top and bottom shells. 
For those instruments where the replacement of either the top or bottom shell is required, 
replace both top and bottom shells with the part numbers presently listed in Figure 1-6-1 
(see Section VI). You can order a retrofit kit under HP Part Number 03421-68701 to simplify 
the shell replacement. Since the kit contains all the necessary parts for retrofitting older in- 
struments, HP suggests ordering the kit for any necessary replacement. 
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HP 3421A Manual Changes 


Figure 1-6-1 (Miscellaneous Parts) Changes 
Do the changes in the table in Figure 1-6-1 as shown in Table I-/-11. 


Table 1-7-11. Make Changes in the Table in Figure 1-6-1 (Change 9) 


Index/Ref, HP Part C 
Number Number D | Qty Description 
4040-2040 
0515-0754 6 SCREW-PH M3.5 X* 70 LK 
4040-2141 1 SHELL-BOTTOM 425.5-MM-WD 


3 
36 4 
39 4 
Add: 
36 3050-0010 ? WASHER-FL MTLC NO. 6 .147-IN-ID 


CHANGE 10 







Change: 
2 





1 SHELL-MOLDED (TOP) 


Description 

This change applies to instruments with ERC numbers 2417 and below. It also applies lo 
instruments with serial numbers 2338A3052 thru 2338A03036. It involves changing the 
A1U201, AlU202, and Al1U401 part number in Table 1-6-3. If any replacement of these 
components are required, use the part numbers presently in Table 1-6-3. 

Table 1-6-3 (Replaceable Parts) Changes 

Do the changes in the Table 1-6-3 as shown in Table 1-7-12, 


Table 1-7-12. Make Changes in Table 1-6-3 (Change 10) 


Reference HP Part 
Designation Number Description 


Change: 
2 iC OP AMP LOW-BIAS-H-IMPD 8-DIP-P PKG 
IC OP AMP LOW-BIAS-H-IMPD 8-DIP-P PKG 
1 iC OP AMP LOW-BIAS-H-IMPD TO-99 PKG 
1 

















A1U201 5180-0269 0 
A1U201 5180-0269 0 
A1U203 5180-0268 1 
A1U401 5180-0270 3 IC OP AMP TO-99 PKG 





CHANGE 11 
Description 
This change applies to instruments with ERC numbers 2505 and below, and serial numbers 
2338405625 and below. These instruments had different standoffs for the A1U102 Hybrid. 


Therefore, use the hybrid mounting screws shown in Table 1-7-13 for Al motherboards (P/N 
03421-66501 and 03421-66511) with ERC numbers 2505 and below. 
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Manual Changes HP 3421A 


Figure 1-6-1 (HP 3421A Miscellaneous and Mechanical Parts) 
Do the changes in the table in Figure 1-6-1 as shown in Table |-7-13. © 


Table 1-7-13. Make Changes in Figure 1-6-1 (Change 11) 
Index/Ref HP Part 
Number | Number Oty Description 
Change: 
18 0515-0055 2 SCREW-MACH M3 X 0.5 6MM-LG PAN-HD 


CHANGE 12 













Description 


This change applies to instruments with ERC numbers 2518 and below, and serial numbers 
2338A06935 and below. These instruments had a different input protection circuit for the 
A1U102 Hybrid. If the hybrid appears to fail due to high input voltage transients, use the 
circuit configuration and part numbers presently shown in Schematic 1, Service Group H. 
The following information is only supplied to update this manual for instruments requiring 
Change 12. 


Schematic 1 (Input Circuitry) Changes 





Do the following changes on Schematic | in Service Group H. 


Change the value of E101 from 550V to 630V. 
change VR101 to C104, a .01uF Capacitor. 


Table 1-6-3 (Replaceable Parts) Changes 
Do the changes in the table in Table 1-6-3 as shown in Table 1-7-]4. 
Table 1-7-14. Make Changes in Table 1-6-3 (Change 12) 
Reference HP Part 
Designation Number Description 
Delete: 
A1VR101 7 | 0837-0318 1 | VOLTAGE SUPPRESSOR 
Change: 
A1E101 1970-0090 TUBE-ELECTRON SURGE V PTCTR 
Add: 
A1C104 7 | 0150-0012 | 3 | 1 | CAPACITOR-FXD .01UF +20% 1KVDC CER 





















L-/-20 


SECTION VIII 
* SERVICE 


The information in this manual is to be used by qualified service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 


The HP 3421A uses latching relays on the Multiplexer/ Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This is an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them, However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known state must be provided by the installer. 


[fa Multiplexer/Actuator Assembly ts installed in the HP 3421A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals. Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 





1-8-1. INTRODUCTION 


1-8-2. This section contains troubleshooting and repair information for the HP 3421A and 
is arranged in service groups. Information for selecting the proper service group Is given starting 
with paragraph 1-8-15. Service Group A through F contain troubleshooting information for 
different functional areas of the instrument, Service Group G has the complete theory of 
operation, and Service Group H has a mnemonic table, detailed block diagram, component 
locator, and schematics. 


1-8-3. The first part of this section is separated as follows: 


Safety Considerations - paragraph 1-8-4. 
Recommended Test Equipment - paragraph 1-8-9. 
Replacing Fuses - paragraph 1-8-11. 
Troubleshooting - paragraph 1-8-15. 


ao p 


|. Introduction - paragraph 1-8-16. 

2. Check the Obvious First - paragraph 1-8-18. 
3. Self Test - paragraph 1-8-21. 

4. Service Group Selection - paragraph 1-8-28. 





1-8-] 


Service HP 3421A 


€. Troubleshooting Setup - paragraph 1-8-36. 


1. Disassembly - paragraph 1-8-38. & 
2. Reassembly - paragraph 1-8-40. 


f. Strain relief - paragraph 1-8-44. 


1-8-4. SAFETY CONSIDERATIONS 


WARNING 


Any interruptions of the protective grounding conductor {inside or 
outside the instrument), or disconnections of the protective earth 
terminal can make the instrument dangerous and is Strictly 
prohibited. 


The service information given in this manual is normally used with 
the instrument's protective cover removed and with power applied. 
Voltages at many points may be hazardous. This instrument should 
only be serviced by a qualified service person aware of the hazards 
involved. 


I-8-5. The HP 3421A has been designed in accordance with international safety standards. 
To maintain these standards, all cautions, warnings, and other safety related information 
must be followed when servicing the instrument. ® 





1-8-6. Most repairs will require that the top cover be removed and power applied. Voltage 
or signals at many points may, if contacted, result in personal injury. Therefore, service should 
be performed by a qualified service person who is aware of the hazards involved. 


1-8-7. It is possible for capacitors inside the instrument to remain charged when the instru- 
ment has been powered down or its power source disconnected. 


1-8-8. Make sure that only the recommended fuse type (fast blow, correct current rating, 
etc.) is used for replacement. Never use repaired fuses and never short circuit the fuse holders. 


1-8-9. RECOMMENDED TEST EQUIPMENT 


1-8-10. The recommended test equipment that is required for a particular service group is 
listed in that service group. The procedures outlined for selecting the various service groups 
does not require any test equipment. 


1-8-11. REPLACING FUSES 


1-8-12. The HP 3421A has two fuses, a line fuse (F701) and a main battery fuse (F700). 
The battery fuse is required anytime the instrument is on battery operation, the battery is 
being charged from the ac line, or on instruments with a Serial Number Prefix below 2338. 
The line fuse is required whenever the main battery is charged or the instrument is operated 
from the ac line. 
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1-8-13. The line fuse can be accessed by unscrewing the fuse holder on the rear panel as 
* shown in Figure 1-8-1. The replacement fuse must be a .15A slow blow (HP Part Number 
: 2110-0320). 
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Figure 1-8-1. Replacing the Line Fuse 


1-8-14. To replace the main battery fuse, the top cover must be removed (see paragraph 1-8-38). 
The procedure to remove the top cover is explained in the disassembly procedure. The fuse 
is located toward the rear and the right of the instrument as shown in Figure 1-8-2. Replace- 
ment fuses must be 2A normal blow (HP Part Number 2110-0002). 








Figure 1-8-2. Replacing the Main Battery Fuse 
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1-8-15. TROUBLESHOOTING 


This instrument contains CMOS Integrated Circuits which are 
susceptible to damage from Static discharge. It is important that 


grounded tools and wrist straps be used when handling or 
troubleshooting these components. 


1-8-16. introduction 


1-8-17. The following paragraphs have information to assist you in selecting the proper ser- 
vice group. 


1-8-18. Check The Obvious First 


1-8-19. Before troubleshooting the HP 3421A, make sure the failure is the instrument rather 
than from an external connection (i.e., 1/O connector to instrument and/or controller, op- 
tion card connections, etc.). 


1-8-20. Make sure that the cables for installed options are securely plugged into their respective 
sockets and there are no bent pins. 


1-8-21. Self Test 





1-8-22. The HP 3421A has a built in self test feature that has eight segments (0 thru 7). Self 
test is activated at power on, when a Device Clear (DCL or SDC), or RESET (RS) command 
is received from a controller. At power on, for example, the following sequence takes place. 
First, all segments of the display are turned on for about one second, followed by the display 
going blank, except for the power-on indicator. Next, any self test segment that fails is displayed 
for about one second (eg, 0, 1, 2, etc.). The self test segment that failed then turns off and 
the error indicator turns on. If any self test segment fails, the error indicator will stay on 
after self test is complete, but not the self test segment indicator, Figure 1-8-3 explains the 
various portions of the display that result from self test. 


1-8-23. For alow main battery condition at power on, the display error indicator and display 
segment 27 turns on. The HP 3421A then powers down in about three seconds later. 


NOTE 


lf an HP-IB Option is installed and the HP-IB select switch (on 
the option) is pushed in, the HP-IB address is displayed immediately 
after any self test failure is displayed at power on. The address ts 
also displayed when the rear panel reset button is pressed in and 
released. The HP-IB address does not appear when the RESET com- 
mand is executed. Do not confuse the HP-IB address with a self 
test failure. Display segments for self test failures are 0 thru 7. A 
self test failures causes the error indicator to remain on in the display 
after self test is complete. 
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At Power On, when the HP-/B Option is installed 
and the HP-IB Select switch is pressed in, display 
segments O thru 29 show the HP-/B Address that 
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Figure 1-8-3. Self Test Display 


1-8-24. In addition to the visual indication that takes place, a self test failure also causes 
the following. It sets bits 2, 5, and 6 of the HP 3421A status byte, sends the service request 
message to the controller, and sets certain bits in some of the state registers (dependent on 
the failure). State register information may or may not be useful to you for troubleshooting. 
They are, however, explained in Section III of this chapter if you wish to use them (see 
paragraph 1-3-43). Table 1-8-1 lists the various self test segments and also which bits are 
set in State Register #3 when a failure occurs. If a failure occurs, go to the appropriate ser- 
vice group which are also listed in Table 1-8-1. 





Table 1-8-1. Self Test Segments and Failures 


Self Test Bitis) Set 
Segment Description Service Group OR #3 


Cal RAM Check Sum (U502) 
ROM 1 Check Sum (U505) 
ROM O Check Sum (U506) 
A/D Slope Test 

CPU RAM Check 

RAM Check (U504} 

RAM Check (U503) 


10 MQ Test 


*Test Seqment 7 checks for a 10 M2 {(+ 20%) input resistance. If dur- 
ing the self test there are any connections on the front panel terminals 
or Hi COMMON and LO COMMON of an installed Multiplex Assembly, 
the test segment will probably fail. To ensure proper circuitry opera- 
tion, make sure these inputs have been disconnected before running 
self test. 
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1-8-25. Service Group Selection 


1-8-26. The various service groups listed in Table 1-8-2 divide the instrument into funcuonal * 
areas for troubleshooting. Some of these functions are checked during self test, but not all 

functions. The primary purpose of self test is to check the various portions of the control 

logic, which may not necessarily guide you to the service group you need. If you are 

encountering a failure (and self test passes), use the following information to help select the 

proper service group. 


Table 1-8-2. HP 3421A Service Groups 


| Service 
Group Title 


DC Volts Troubleshooting 

AC Volts Troubleshooting 

Ohms Troubleshooting 

A/D Converter 

Control Logic 

Power Supply 

Theory of Operation 

Mnemonics, Block Diagram, 
Component Locator and Schematics 












1-8-27. As noted in Table 1-8-2, Service Groups A through F contain the troubleshooting 
information for the instrument, while Service Groups G and H contain the Theory of Operation 
and Schematics, respectively. A particular Service Group is selected according to failure. 
The following paragraphs list possible failures, general troubleshooting information, and 
corresponding service group(s). 





1-8-28. DC Volt Failures (Service Group A). Typical de volt failures include overload, 
inaccurate, constant zero, floating, or noisy readings. These are explained as follows: 


a. Overload. An overload is a reading that is larger (or appears to be larger) than the 
instrument is capable of reading. This is caused by a saturated input amplifier or by the A/D 
converter. 


b. Inaccurate Readings. Inaccurate readings are usually caused when the measurement 
circuitry 1s not linear. 


c. Constant Zero Reading. A constant zero reading can be caused by either the input of 
the input amplifier or input to the A/D converter being shorted to ground. It can also be 
caused if the A/D converter has no runup (integrate input) period. 


d. Floating Reading. A floating reading is when the HP 3421A internal voltmeter returns 
a certain reading (with no input applied) which does not change after an input is applied. 
This can be caused by the A/D converter, or if there is an open in the input circuitry. 


e. Noisy Readings. Noisy readings can be caused by the input circuitry or the A/D 
converter. 
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1-8-29. AC Volt Failures (Service Group B). An ac volt failure can be overload, inaccurate, 
floating, or noisy readings. If an ac failure is encountered, check to make sure the de volt 
function is operating properly (paragraph 1-8-28) before going to the ac service group. The 
reason for this is that the ac section uses all of the high range de circuitry (plus the ac to 
dc converter), and it is easier to troubleshoot with a dc input. Thus, if there is an ac 
problem, but no de problem, you should suspect the failure is with the ac to de converter 
circuitry. If, however, a dc problem is also found, it is probably the cause of the ac failure 
as well. The following explanations are for ac volt failures. 


a. Overload, An overload is caused when the reading is larger (or appears to be larger) 
than the instrument is capable of reading. This can be caused by a saturated ac to dc 
converter or the A/D converter. 


b. Inaccurate Readings. |Inaccurate readings are normally caused when the ac to de 
converter has poor frequency response. 


c. Floating Reading. A floating reading is when the HP 3421A internal voltmeter returns 
a certain reading (with no input applied) which does not change after an input Is applied. 
This can be caused by an open circuit in the ac to de converter or or the A/D converter. 


d. Noisy Reading. Noisy readings can be caused by the input amplifier, or the ac to de 
converter. 


1-8-30. Ohms Failures (Service Group C). Typical ohms failures can be overload, inaccurate, 
floating, or noisy readings. Before going to the ohms service group, check to make sure the 
the de volt function is operating properly (paragraph 1-8-28). This is because the two func- 
tions use much of the same circuitry. If a problem is found with the de volts function, it 
will probably solve the ohms problem. If no problem is found with the de function, you 
should suspect the ohms current source circuitry. The following explanations are for ohms 
failures. 


a. Overload. An overload is caused when the reading Is larger (or appears to be larger) 
than the instrument is capable of reading. This can be caused if the ohms current source 
is supplying too much current. However, this can also be caused by the input amplifier or 
the A/D converter. Therefore, make sure the de volt function is operating properly (paragraph 
1-8-28) if the ohms function fails. 


b. Inaccurate Readings. Inaccurate readings can be caused by the ohms current source 
changing values under different loads, or if the measurement circuitry ts not linear. Make 
sure the de volt function is operating properly (paragraph 1-8-28) if this function fails. 


c. Constant Zero Readings. A constant zero reading is usually caused when the ohms 
current source does not supply any current. It can also be caused when either the input to 
the input amplifier or the input to the A/D converter is shorted to ground. Make sure the 
de volt function 1s operating properly (paragraph 1-8-28) if this function fails. 


d. Floating Reading. A floating reading is when the HP 3421A internal voltmeter returns 
a certain reading (with no resistance being measured) which does not change when a resistance 
measurement is attempted. This can also be caused by the input circuitry or the A/D 
converter. Make sure the de volt function 1s operating properly (paragraph 1-8-28) if this 
function fails. 
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’. Noisy Reading. A noisy reading is unstable and is most likely caused by a noisy ohms 
current source. It can, however, be caused by the input amplifier. Make sure the dc volt & 
function is Operating properly (paragraph 1-8-28) if this this failure is encountered. | 


1-8-31. A/D Converter Failures (Service Group D). A/D converter failures are normally 
caused by the A/D converter itself or the main controller (U508). An A/D converter failure 
might be detected by self test. The following explains the failures. 


a. Overload, Constant Zero, Floating, or Noisy Readings. Any of these failures can be 
caused by the A/D converter or the input circuitry (input switching or input amplifier). A 
procedure to isolate the circuit failure is in both Service Group D and Service Group A. For 
a definition of the failures refer to paragraph 1-8-28. 


b. A/D Converter Failure. This failure can be caused by the A/D converter or the main 
controller (U508). An A/D converter problem can cause constant zero readings, constant 
overload, and offset errors. An A/D converter failure will probably be detected during self test. 


c. Input Hybrid (U102) Failure. Since the input hybrid receives its set-up information from 
the CPU (U508), this type of failure could be either the hybrid or the CPU. Symptoms of 
an A/D converter failure could be overload, constant zero, floating, or noisy readings. 


1-8-32. Control Logic Failures (Service Group E). Control logic failures consist of 
turn-on, display, control ROM, CPU RAM, calibration RAM, and I/O failures. The following 
explanations are for these type of failures. Several of these are checked during self test. 





a. Turn-On Failure. A turn-on failure is when the HP 3421A display and I/O (HP-IL or 
HP-IB) 1s dead (1.¢e., the instrument is completely inoperative). This can be caused by a bad 
(PU (U508) and associated circuitry, or power supply. 


b. Inoperative Display. An inoperative display is when part or all of the display is 
inoperative. This problem can be caused by the display itself, CPU (U508), or CPU port 
expanders (U5S11, U512). 


c. Control ROM Failure. A control ROM failure could exhibit a variety of symptoms 
because the CPU firmware is stored in this ROM. This firmware is what allows the instru- 
ment to perform its various functions, including power down and power up. Control ROM 
failures could include a stuck address or data bus bit, an enable line problem, or invalid 
data at some ROM address. A stuck address or data bus bit could be caused by other devices 
that share these lines (XRAM, CALRAM, HP-IL Chip), Address Latch, Port Expanders, 
or perhaps the CPU. Enable line problem could be caused by the ROM select circuitry, the 
ROM, or the CPU. 


d. XRAM Failure. This type ot failure will most likely be detected during self test, and 
could result in a variety of problems (a specific function problem, CPU lockup, inability 
to store the proper channel list, etc.). 


e. Calibration RAM (CMOS RAM) Failure. This type of failure is most likely detected 
by the self test. CAL RAM failures cause erroneous readings to result, which may not be 
obvious. This is especially true if you are unaware of what the readings are supposed to be. & 
Such Errors may be the result of an uncalibrated instrument or a defective Cal Ram Battery. 
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J. f/O Fatlures fH P-1L or HP-1B). Vhis type of failure is most likely caused by the 

HP-IL I/O chip. This is true even if the HP-IB option ts installed because the HP-IL chip 
is still used. If the HP-IB option is installed, the problem could also be the HP-IB option 

itself. Another possible cause of this type of failure could be the chassis common logic circuitry. 


1-8-33. Power Supply Troubleshooting (Service Group F). This service group contains 
troubleshooting information for the power supplies, reference circuitry, and battery charger 
circuitry. If the battery charger circuitry fails, the HP 3421A will be unable to operate on 
its internal battery (1,e., with the ac power disconnected), 


1-8-34. Theory of Operation (Service Group G). This service group provides a detailed theory 
of operation for the instrument. 


1-8-35. Mnemonics, Block Diagram, Component Locator, and Schematics (Service Group 
H). This service group contains a mnemonic table, detailed block diagram, component locator, 
and schematics. Where applicable, voltages are shown on the block diagram and schematics 
for troubleshooting purposes. However, most waveforms (and some voltages) are depen- 
dent upon what function has been selected, and the characteristics of the input being 
applied. Where this is the case, the waveforms and/or voltages will be found in the service 
group associated with a particular functional area of the instrument, with an explanation 
of how they can be obtained. 


1-8-36. TROUBLESHOOTING SETUP 


1-8-37. Typically, the HP 3421A will have installed options. To troubleshoot the instrument, 
all options should be removed so the various test points and components can be accessed. 
The disassembly and reassembly procedures are given in the following paragraphs. The pro- 
cedures assume that 10-channel Multiplexer/Actuator Assemblies occupy slots 0 and 1, a 
Digital 1/O Assembly occupies slot 2, and that an HP-IB option is installed. This may or 
may not be how your instrument is configured. It should, however, be adequate examples 
for the disassembly and reassembly procedures. 





1-8-38. Disassembly 
1-8-39, To disassemble the instrument, do the following: 


a. Make sure the HP 3421A is turned off and ac power cord is disconnected from the 
instrument. Also make sure all external sources of power have been removed from the op- 
tion terminal blocks. 


b. Turn the instrument upside down. This is preferably done on top of a protective mat 
to reduce the possibility of scratching or marring the instrument case. Refer to Figure 1-8-4 
and loosen the six screws on the instrument bottom. 


¢. Hold the top cover in place and turn the instrument upright. Then remove the top cover. 


d. Refer to Figure 1-8-5 and locate the battery fuse toward the right rear of the instru- 
ment. Remove it from its socket. Instead of removing the fuse, you can unplug the red wire 
from the battery. If this is done, make sure the wire is placed out of the way and away from 
the battery. 
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Figure 1-8-4. Loosen Bottom Screws 


Figure 1-8-5. Remove Main Battery Fuse 
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NOTE 


wo When removing Multiplexer Assembiies, make sure they are re- 
installed in the slots from which they were removed. If this is not 
done, the instrument must be re-calibrated for each Multiplexer 
whose slot location is different than the slot in which it was 
calibrated. 


e. Remove the strain relief and grey *“*‘WARNING”’ safety cover from slot 1. Use the follow- 
ing procedure. If other options are also to be removed, use the same procedure to remove 


the appropriate strain reliefs and ‘‘WARNING”’ covers from the other options. 


1. Refer to Figure 1-8-6 and remove the two screws holding the black strain relief bar. 


WARNING: SHOCK HAZARD DSCONNERT ALL PCWEN CONNECTED 
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Figure 1-8-6. Remove Strain Relief and Safety Cover from Slot 1 
2. Loosen the two captive screw that hold the grey ‘“‘WARNING”’ safety cover. 


3. Loosen the two screws holding the terminal block to the option circuit board and 
then remove the terminal block. 
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f. lf an option is installed in slot |, refer to Figure 1-8-7. Unplug the ribbon cable connec- 
tor from the option in slot 1. Lift the connector straight up to avoid bending any pins. If * 
the option is a Multiplexer Assembly, also unplug the 4-wire VM input cable. If the option 
is a Digital 1/O or Breadboard Assembly, it will not have the 4-wire VM input cable. 


g. Locate and remove the four screws holding the option in place. 


h. Remove the option from slot 1. To prevent any recalibration of the option, tag the 
option as option | and make sure the same option board is placed back into the instrument 
into the same slot. 


i. Refer to Figure 1-8-7 to unplug the ribbon cable connector from the option in slot 0. 
Lift the connector straight up to avoid bending any pins. If the option is a Multiplexer 
Assembly, also unplug the 4-wire VM input cable. If the option is a Digital I/O or Bread- 
board Assembly, it will not have the 4-wire VM input cable. 





Figure 1-8-7. Unplug Option Cable(s) and Remove Option Screws 


j. Using a 7/32’’ wrench, remove the four hex screws standoffs as shown in Figure 1-8-8. 


k. Remove the option from slot 0. To prevent any recalibration of the option, tag the 
option as option 0 and make sure the same option board is placed back into the instrument 
into the same slot. 
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Figure 1-8-8. Removing Hex Screw Standoffs 


|. Leave the bottom hex standoffs in place to secure the motherboard to the chassis. This 
ensures that the motherboard has a good ground, as shown in Figure 1-8-9. 


NOTE 


The hex standoffs securing the motherboard to the chassis are shorter 
than the hex standoffs separating the slot 0 and slot I options. 


Some of the first instruments manufactured may have round stan- 
doffs that are riveted to the motherboard instead of the screw-in 
hex standoffs. If the instrument has round standoffs, secure the 
motherboard to the chassis by using the four loose spacers that were 
used to separate the slot 0 and slot I options and the four long 
screws. These must be in place to make the proper ground connec- 
tion for the motherboard. 
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Figure 1-8-9. Standoffs for Motherboard Ground 


m. Refer to Figure 1-8-7 and unplug the ribbon cable connector from the option in slot 
2. Lift the connector straight up to avoid bending any pins. If the option is a Multiplexer 
Assembly, also unplug the 4-wire VM input cable. If the option is a Digital I/O or Bread- 
board Assembly, it will not have the 4-wire VM input cable. 


n. Locate and remove the four screws holding the option in place. 
oO. Remove the option from slot 2. To prevent any recalibration of the option, tag the 
option as option 2 and make sure the same option board is placed back into the instrument 


into the same slot. 


p. If the instrument is equipped with HP-IL, proceed with step r. If the HP-IB option 
is installed, do the following: 


1. Remove the HP-IB rear panel as shown in Figure 1-8-10. It is not necessary to discon- 
nect the HP-IB connector from the rear panel. 
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Figure 1-8-10. Removing Rear Panel Screws from HP-IB Connector 


2. If you are going to use the HP-IB option as the computer interface for 
troubleshooting, lift the option up on its side so the bottom shield can be removed. 
Once the shield is removed, you are ready for troubleshooting. Since the HP-IB option 
will not be secured, make sure is does not touch or short other motherboard components 
during troubleshooting. If you want to use HP-IL as the computer interface, you can 
either place the HP-IB/HP-IL switch to HP-IL position or remove the HP-IB inter- 
face. To remove the HP-IB interface, perform steps 3 thru 8. Otherwise continue with 
step q. 





3. Unscrew the black screws holding the HP-IB connector to the rear panel cover. 


4. Unplug the green-white wire from the HP-IB option. Leave the other end of this 
wire plugged in the motherboard. 


5. Unplug the connector with the red and black wires from the HP-IB option, Leave 
the other end of these wires connected to the motherboard. 


6. Unplug the cable coming from the rear panel HP-IL connector. 
7. Unplug the connector with the yellow and blue wires from the motherboard. 


8. Plug the cable coming from the rear panel HP-IL connector onto the motherboard 
connector vacated in the previous step. Your instrument is now configured for HP-IL. 


q. Remove the bottom shield from the instrument. 


r. Replace the main battery fuse or reconnect the red wire to the battery. 
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s. lo replace a component on the motherboard, remove the two screws securing the power 
transformer. Also remove the four screws securing the motherboard, and the four hex stan- ¢ 
doffs. Unplug the main battery and display cables. Lift out the front and rear panels. To 
remove the front panel, push the front panel switch all the way in, and then pull the front 


panel out and up. 


1-8-40. Reassembly 


i-8-41. The reassembly procedure assumes that the same options are installed that were remov- 
ed in the disassembly procedure. It is important to reinstall a Multiplexer Assembly into the 
slot from which it was removed. If this is not done, the reference junction on the Multiplexer 
Assembly must be re-calibrated for temperature. The instrument will also require 
re-calibration if a Multiplexer Assembly is installed in a slot previously unoccupied. 


1-8-42. It is permissible to alter the slot allocations for the options, keeping in mind that 
this may require an instrument re-calibration. However, it is recommended that Multiplexer 
Assemblies be used in slots 0 and 1 and the Digital Assembly in slot 2. These are the slot 
allocations used in the following reassembly procedure. The procedure may not reflect how 
your instrument is configured, but it should suffice as an example of how to reassemble the 


instrument. 
1-8-43. To reassemble the instrument, do the following: 


a. After the motherboard has been reinstalled, replace the rear panel. Leave the front panel 


off. 
b. Set the bottom shield in place as shown in Figure 1-8-11. Now replace the front panel. 





NOTE 
Figure 1-8-11 shows the shield used when the HP-IB option is in- 
stalled, If the instrument does not have the HP-IB option, the shield 
is different than what is shown. The HP-IL shield extends over the 
rear panel HP-IL connector and has longer standoffs to make the 
option in slot 2 align properly. 





Figure 1-8-11. Set Bottom Shield in Place 
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¢. Route the ribbon cable for the option that will occupy slot 2 around the shield stand- 
* offs, as shown in Figure 1-8-12. This cable should be plugged into J502 on the motherboard 
with the red stripe oriented to the right (pin 7 of the connector). 





Figure 1-8-12. Slot 2 Option Cable Routing 


d. If your instrument is NOT equipped with HP-IB, set the slot 2 option directly on the 
bottom shield with the component side up. Then put the four long screws in place. Do not 
tighten the screws at this time. Continue with step g. 








Figure 1-8-13. Connect HP-IB Option Wires/Cables 
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e. If your instrument Is equipped with HP-IB, refer to Figure 1-8-13 and plug the various 
cables and wires between the HP-IB option and motherboard as follows: © 


For installation and operating safety, make sure the zgreen-white 
wire is connected exactly as directed. 


Green-white wire between J802 on the HP-IB board and J702 on the HP 3421A mother- 
board (HP-IB ground). In early instruments, the wire was soldered to earth ground on the 
motherboard AC connector (J700). 


Connect the 2-wire cable (red and black wires) between J803 on the HP-IB option board 
and J701 on the HP 3421A motherboard. The red wire is connected to ‘‘+’’ on the HP-IB 
board and toward the rear of the HP 3421A motherboard. 


Connect the 4-wire cable (blue and yellow wires) between J804 on the HP-IB option board 
and J505 on the motherboard. Make sure the cable is connected to the HP-IB board as shown 
on the board (1.e., blue wire to BLU and yellow wire to YEL). Also make sure the yellow 
wire 1s connected to pin | of J505 and the blue wire to pin 4 of J505 on the motherboard. 


f. Refer to Figure 1-8-14 and set the HP-IB and slot 2 options in place. The HP-IB option 
should be placed component side down and the slot 2 option component side up. Then put 
the four long screws in place. Do not tighten the screws at this time. 








Figure 1-8-14. Set HP-IB and Slot 2 Options in Place 
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zg. Plug the appropriate terminal block edge connector onto the slot 2 option. 

h. Install the rear panel cover for the HP-IB or 12 VDC option (if applicable). 

i. Install the rear panel cover (i.e., the grey ‘“*WARNING” cover) for the slot 2 option. 
j. Secure the HP-IB connector (if applicable). 


k. Align the slot 2 option so that the strain relief can be screwed into place. Screw the 
strain relief loosely into place. 


|. Tighten the four screws that secure the slot 2 option. 


m. Using a short cliplead jumper, connect one end of the cliplead to ground. Use the other 
end to short out each pin of the 14-pin connector on the option in slot 2. Then plug the 
ribbon cable into the option. Make sure the red stripe on the cable is oriented to the right 
(i.e., pin 7 of the connector). If the option in slot 2 is a Multiplexer/Actuator Assembly, 
connect the 4-wire VM cable onto the option. The 4-wire cable should be oriented per the 
label on the circuit board. On the motherboard, the 4-wire cable should be plugged onto 
J100 with the wires oriented as noted on the motherboard. 


n. Replace the four motherboard hex standoffs in the motherboard if they were remov- 
ed. Do not overtighten these standoffs. Excessive torque (>11 in-lb) could break off the 


screw heads. 


o. Route the ribbon cable for the slot 0 option as shown in Figure 1-8-15. 


get ght gat aa! ; i: 
at pe ee as me. 





Figure 1-8-15. Slot 0 Option Cable Routing 
p. Set the slot 0 option in place, component side up. Make sure the cable underneath is 


not pinched. Loosely screw the remaining four hex standoffs in place. Do not tighten the 
four standoffs at this time. 
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q. Using a short cliplead Jumper, connect one end of the cliplead to ground. Use the other 
end to short out each pin of the 14-pin connector on the option in slot 0. Then plug the * 
ribbon cable into the option. Make sure the red stripe on the cable is oriented to the right 
(i.e., pin 7 of the connector). If the option in slot 0 is a Multiplexer/Actuator Assembly, 
connect the 4-wire VM cable onto the option. The 4-wire cable should be oriented per the 
label on the circuit board. On the motherboard, the 4-wire cable should be plugged onto 
J110 with the wires oriented as noted on the motherboard. 


r. Plug the appropriate terminal block edge connector onto the slot 0 option. 
s. Replace the rear panel grey ‘“WARNING”’ safety cover for the slot 0 option. 


t. Align the terminal block edge connector with the rear panel holes and loosely attach 
the strain relief for slot 0. 


u. Tighten the hex standoffs to secure the slot 0 option. Do not overtighten the standoffs. 
v. Route the ribbon cable from J501 on the motherboard across the slot 0 option as shown 


in Figure 1-8-16. Make sure the red stripe is oriented to the right (pin 7 of the motherboard 
connector). 





Figure 1-8-16. Slot 1 Option Cable Routing 


w. Set the slot | option assembly in place. Make sure the ribbon cable underneath is not 
pinched. Then loosely screw four short screws in place. Do not tighten the four screws at 
this time. 


x. Using a short cliplead jumper, connect one end of the cliplead to ground. Use the other 
end to short out each pin of the 14-pin connector on the option in slot 1. Then plug the 
ribbon cable into the option. Make sure the red stripe on the cable is oriented to the right 
(i.e., pin 7 of the connector). If the option in slot 1 is a Multiplexer/Actuator Assembly, 
connect the 4-wire VM cable onto the option. The 4-wire cable should be oriented per the 
label on the circuit board. On the motherboard, the 4-wire cable should be plugged onto 
J120 with the wires oriented as noted on the motherboard. 





y. Plug the appropriate terminal block edge connector onto the slot | option. 


1-8-20 


HP 3421A Service 


z. Replace the rear panel grey *“‘WARNING” safety cover for the slot | option. 


ae aa. Align the terminal block edge connector with the rear panel holes and loosely attach 
the strain relief for slot 1. 


bb. Tighten the four screws to secure the slot 1 option. Do not overtighten the screws. 
cc. Before replacing the top cover, first make sure the main battery fuse has been replac- 


ed. Then locate the six plastic spacers and place them on the cabinet screws as shown in Figure 
1-8-17. 





Figure 1-8-17. Plastic Spacer Placement 


dd. Set the instrument flat on your work bench. Make sure the bale handles on the front 
feet are collapsed. 


ee. Align the top cover and lower it in place. If the top cover does not go into place, make 
sure the front and rear grooves that guide it are properly aligned. If the grooves are aligned, 
one of the plastic spacers is probably out of alignment. To correct this, alternately move 
the top cover back and forth (left to right) until the spacers align properly. 


ff. Once the top cover is in place, hold the two halves of the case together and turn the 
instrument upside down. Tighten the six bottom screws. 


1-8-44. STRAIN RELIEF 


1-8-45. The black strain relief bar presses wires and cables connected to the terminal block 
edge connector against a piece of foam on the grey ‘‘WARNING”’ safety cover. This pro- 
vides strain relief for cables and wires connected to option assemblies. 


1-8-46. Figure 1-8-18 shows several wires coming from the terminal block of the slot 2 op- 
tion. When installing the bar, loosely attach one end first. Hold the other end down and 
away from the instrument. Leave a small loop in the wires to avoid stress on the terminal 
block connections. This reduces the possibility of breaking the wires at the strain relief. Then 
rotate the bar up and connect the other end. 
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1-8-47. For wires smaller than 22AWG, it is recommended that these wires be bundled together 
starting at no more than 4’’ from the back of the instrument. This reduces the possibility & 
of breaking the wires at the strain relief. 


~ine 2 
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C 108-1 26- 
19a-231- 
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Figure 1-68-18. Strain Relief for Slot 2 
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The instrument cvoniains CMOS Integrated Circuits which ure 
susceptible to failure from static discharge. It is especially impor- 
tant that grounded tools and wrist straps be used when handling 
or troubleshooting CMOS components. 


1-8-A-1. INTRODUCTION 


1-8-A-2. This service group contains the de volts troubleshooting procedures for the HP 
3421A. The service group is symptoms oriented (i.e., what fails) with two different levels 
of troubleshooting. The first level will identify the general area of the HP 3421A that is fail- 
ing; the second level has specific procedures for the area that fails. Unless otherwise specified, 
refer to Block Diagram and/or Schematic 1 when using these troubleshooting procedures. 


1-8-A-3. Generally, troubleshooting requires a controller so the HP 3421A can be configured 
to the necessary function and/or range. In all troubleshooting procedures where a controller 
is required, programs are given for an HP-85 Computer. If your instrument is equipped with 
HP-IB, it is permissible to troubleshoot using HP-IB, keeping in mind that the HP-IB 
Option could be cumbersome because it is not securely mounted after the disassembly 
procedure is performed. Because of this, it is recommended that HP-IL be used if possible. 


1-8-A-4. EQUIPMENT REQUIRED 
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1-8-A-5. The following equipment is required to perform the de volts troubleshooting 
procedures: 


HP-85 Computer equipped with HP-IL or HP-IB Interface 
(another controller can be used but the program lines 
may have to be modified for that controller) 

dc power supply capable of outputting a stable + 3Vdc 
voltage for the low range, and a stable +30Vdc 
voltage for the high range 

Digital Voltmeter (-HP- 3456A recommended) 


1-8-A-6. PRE-TROUBLESHOOTING CHECKS 


1-8-A-7. Before troubleshooting the dc volts function (or any other function), check the 
following: 


a. Make sure the power supply voltages are the correct value, stable, and not oscillating. 
The proper power supply voltages are listed in Table 1-8-A-1 (see Schematic 3), 


Table 1-8-A-1. Power Supply Voltages 








NOTE 


To check the voltages in this table, the front pane/ 
push button must be in the “ON” position and the 
HP 3427A must NOT be configured for a ‘‘Loop 
Power Down”. 


Power Supply | Check At | Range 


TP +5¥V +4.75V to +5.25V 
TP —15¥V - 14.75V to —15.25V 
TP +15V +14,60V to +15.40V 
TP VB +5.8V to +7.6V 

TP VBATT +5.8V to +7.6V 


b. Make sure the reference supplies are correct and stable. To check these supplies, refer 
to Table 1-8-A-2 and Schematic 1. 


Table 1-8-A-2. Reference Supply Voltages 


Reference Supply 


+ 10V TP 401 9.5V to 10.5V 
10V TP 400 —9.5V to -—10.5V 
— 10V Buffered U404 pin 6 -~9.5V to -10.5V 










1-8-A-8. If any power supply or reference voltage is incorrect, refer to Service Group F before 
performing any troubleshooting procedure in this service group. 


1-8-A-9. DC VOLTS TROUBLESHOOTING 
1-8-A-10. Typical dc volt failures are overload, inaccurate, constant zero, floating, or noisy 
readings on either the low or high ranges. These failures were described at the beginning 


of Section VIII (see paragraph 1-8-29). 


1-8-A-11. Overload, Floating, Constant Zero (with input applied), or Noisy Readings on All Ranges 
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1-8-A-12. If either of these failures are noted on all ranges, it is most likely the input cir- 
@ cuitry (input hybrid or input amplifier) or the A/D converter that is at fault. It can, however, 
be caused by the counter circuitry or the ac to dc converter. Jumpers can help isolate the 
faulty circuitry. If you are experiencing one of these failures, perform the following procedure: 


a. Perform the troubleshooting setup that is outlined at the beginning of Section VIII (see 
paragraph 1-8-35). 


b. Connect the I1/O cables from the controller to the HP 3421A. 


c. Configure the HP 3421A for dc volts, 3V range, and autozero off by executing the 
following program. Note: the HP 3421A does not have a continuous trigger mode, and 
therefore the program must loop. Also, if autozero is not turned off, the measurement made 
in step e will be a square wave instead of a dc voltage. 


10 OUTPUT 901 ; “*F1ROZO”’ 
20 ENTER 901; A 

30 DISP A 

40 GOTO 20 

50 END 


d. Apply a stable + 3Vdc to the 2/V HI and Q2/V LO front panel terminals. 


e. With a digital voltmeter (like the HP 3456A), measure the voltage at the output of the 
input amplifier (U101 pin 6). The voltage should be about + 10Vdc, depending upon how 
close your input is to 3V (e.g., 3V input X 3.33 gain of input amp = 9.99V). If the voltage 
at U101 pin 6 is a stable + 10Vdc, the A/D converter is at fault, in which case you should 
go to Service Group D for troubleshooting. If the voltage is anything other than + 10V 
(overload, constant zero, floating, or noisy), proceed with step f. 





f. Unsolder and lift one end of JM103 and then measure the voltage at U101 pin 6 again. 
if the voltage is now good (i.e., a stable +10V), the A/D converter is at fault, in which 
case you should go to Service Group D for troubleshooting. If the voltage is still wrong, 
proceed with step g. 


g. Unsolder and lift one end of JM101 and measure the voltage at U101 pin 6 again. If 
the voltage is now good (i.e., a stable + 10V), the counter circuitry is at fault, in which case 
you should go to Service Group E for troubleshooting. If the voltage is still wrong, proceed 
with step h. 


h. Unsolder and lift one end of JM301 and measure the voltage at U101 pin 6 again. It 
the voltage is now good (i.e., a stable + 10V), the ac to de converter circuitry is at fault, 
in which case you should go to Service Group B for troubleshooting. If the voltage is still 
wrong, either the input switching or input amplifier is at fault, in which case you should 
go to paragraph 1-8-A-24 for troubleshooting. However, before referring to paragraph 
1-8-A-24, replace JM301, JM101, and JM103. 


1-8-A-13. Constant Zero Readings (with no input applied) on All Ranges 





|-8-A-3 


Service HP 3421A 


|-8-A-14. The 30V and 300V ranges will normally have constant zero readings with no in- 

put applied because of the 100 kQ resistor on the HI line (inside U102) that connects to ground. ££ 
The .3V and 3V ranges, however, will normally float when no input is applied. If you are 

experiencing constant zero readings on both the high and low ranges with no input applied, 

make sure K103 is not stuck in a set state. When the .3V and 3V ranges are selected, K103 

should be reset. If K103 goes to a set state when the .3V and 3V ranges are selected, U102 

may be defective. 


1-8-A-15. Overload, Floating, Constant Zero, or Noisy Readings (with input applied) on Some Ranges 


1-8-A-16. The input hybrid (U102) and the input relays (K101 and K103) select the different 
paths by which the input signal is routed to the input amplifier (U101). The hybrid also selects 
the input amplifier gain characteristics via internal switching circuitry. Because of this, a 
defective relay or U102 can make certain ranges fail. These failures are explained in the follow- 
ing paragraphs. 


1-8-A-17. Overload. An overload condition will occur if the input amplifier feedback cir- 
cuitry is open. The feedback circuitry is in U102, which means that U102 is probably defective. 


1-8-A-18. Constant Zero Readings. Constant zero readings are most likely caused by U102. 
1-8-A-19. Floating Readings. A floating reading usually indicates that the path to the input 
amplifier is open. If you are experiencing floating readings with an input applied, do the 


following: 


a. If the .3V and 3V ranges are defective, perform the following steps: 





|. Short the input and output of K10] together as shown in Figure 1-8-A-1. 


—" §a24 5 B-A-2 





Figure 1-8-A-1. Shorting K101 Input to Output 
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b. 


2. lf the .3V and 3V ranges are now good, make sure KIO! Is going to the set state 
when the .3V or 3V ranges are selected. Since K101 is a latching type relay, the only 
time the set coil has 5V across it is when the relay goes from a reset to set state. To 
check whether or not K101 is going to the set state, first execute “‘R1’’ (30V range) 
and then monitor U102 pin 27 on an oscilloscope while executing “‘RO’’ (3V range). 
U102 pin 27 should make a momentary high-to-low transition, and then return high 
again. Note: if the HP 3421A is configured for the 3V range (RO), you will not see 
transitions occurring at U102 pin 27 when subsequent RO commands are executed. You 
must first configure the 30V or 300V range and then monitor the line when the 3V range 
is configured. The program lines required to first select the 30V range, and then the 
3V range are as follows: 


OUTPUT 901 ; “FERRI” 
OUTPUT 901 ; ‘‘RQ”’ 


If the 30V and 300V ranges are defective, perform the following steps: 


1. Short the input and output of K103 together as shown in Figure 1-8-A-2. 


K104; 
{") 
u 
CL 
F101 
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Figure 1-8-A-2. Shorting K103 Input to Output 
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2. li the 30V and 300V ranges are now good, make sure K103 is going to the set state 
when these ranges are selected. Since K103 is a latching type relay, the only time the ¢ 
K103 set coil has 5V across it is when the relay goes from a reset to set state. To check 
whether or not K103 is going to the set state, first execute ‘‘RO’’ (3V range) and then 
monitor U102 pin 29 on an oscilloscope while executing ‘‘R1’’ (30V range). U102 
pin 29 should make a momentary high-to-low transition, and then return high again. 
Note: if the HP 3421A is configured for the 30V range (R1), you will not see transi- 
tions occurring at U102 pin 29 when subsequent R1 commands are executed. You must 
first configure the .3V or 3V range and then monitor the line as the 30V range Is con- 
figured. The program lines required to first select the 30V range, and then the 3V range 
are as follows: 


OUTPUT 901 ; “FIRI”’ 
OUTPUT 901 ; **RO”’ 


3. If you replace K103 and the ranges sull fail, U102 ts probably defective. 


1-8-A-20. Noise. Noise can be caused by a FET switch internal to the input hybrid (U102), 
or the input amplifier (U101). Replace U101 first. If noise still exists, then replace U102. 


1-8-A-21. Inaccurate Readings on All Ranges 


1-8-A-22. Inaccurate readings usually occur at some voltage other than a positive full scale 
voltage. That is, the error in the reading occurs for all voltages except for positive full scale 
voltage, which will be proper. The reason for this is that when the HP 3421A is calibrated, 
the calibration RAM stores the calibration constants for zero and full scale (or 4 scale). 





1-8-A-23. If you are experiencing inaccurate readings, the first thing to do is calibrate the 
instrument. The calibration procedure is explained in Section IV. Once the instrument has 
been calibrated, again check for inaccurate readings. If they are still occurring, they will 
probably occur at some voltage other than a positive full scale voltage, since you will have 
calibrated the instrument for full scale. For inaccurate readings, suspect the input amplifier 
(U101), input hybrid (U102), or possibly the calibration RAM (U502). However, if the calibra- 
tion RAM is bad, the instrument will probably fail that segment of self test. 


1-8-A-24. INPUT CIRCUITRY TROUBLESHOOTING 


|-8-A-25. This circuitry consists of the input switching (K101, K103), input hybrid (U102), 
and input amplifier (U101). Input circuitry failures are described in the following paragraphs. 


1-8-A-26. Overload Readings on All Ranges 
1-8-A-27. An overload usually means that the output of the input amplifier (U101) is too 
high. This can be caused by an excessive input to the amplifier, an open in the amplifier 


feedback loop, or a defective amplifier. For overload readings, do the following: 


a. Set the HP 3421A to dc volts, 3V range, and turn autozero off by executing the follow- 
ing program line: 





OUTPUT 901 ; **FIROZO”’ 
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b. Short the HP 3421A Q/V HI and @&/V LO tront panel terminals logether. 


e c. With a high impedance digital voltmeter (like the HP 3456A), measure for zero volts 
dc (+1mV) at U101 pin 3 (or U102 pin 10). If U101 pin 3 is out of tolerance, the input hybrid 
(U102) is defective. If U101 pin 3 is OK, proceed with step d. 


d. If U101 pin 3 is good, connect pins 2 and 6 of U101 together. Then measure the voltage 
at U101 pin 6, which should be zero volts (+3 mV). If the reading at U101 pin 6 is within 
tolerance, the amplifier feedback circuit is defective. Replace U102. If the reading 1s out of 
tolerance, the input amplifier is defective. Replace U101. 


1-8-A-28. Constant Zero Readings on All Ranges 


1-8-A-29. Constant zero readings are usually caused by the input signal path being shorted 
to ground. If you are experiencing this failure, make sure pins 1, 13, and 10 of U102, and 
pin 6 of U101 are not shorted to ground. If no shorts to ground are noted, do the following: 


a. Set the HP 3421A to de volts, 3V range, and turn autozero off by executing the follow- 
ing commands: 


OUTPUT 901 ; ““FIROZO” 


b. Using an external power supply, apply +3¥V to U101 pin 3 through a | k® resistor, 
and connect the negative lead of the power supply to circuit ground. 


c. Using a high impedance digital voltmeter (like the HP 3456A), make sure the voltage 
at the end of the resistor connected to pin 3 of U101 is +3¥V. If the voltage is low, U102 
is probably defective. Replace U102 and then repeat the procedure. If, after replacing U102, 
the voltage is still low, replace U101. 





d. If the voltage at U101 pin 3 is +3¥V, measure U101 pin 6 for approximately 10V (3V 
X 3.33 amplifier gain). If it is incorrect, the input amplifier is defective. Replace U101. 


e. If the voltage at U101 pin 6 is correct (~ 10V), suspect the A/D converter (A/D hybrid 
(U403) or integrator (U401). 


1-8-A-30. Floating Readings on All Ranges 


1-8-A-31. Floating readings are usually caused by an open in the input signal path before 
the input amplifier. Such a failure may not be intuitively obvious, especially if an input is 
known to change from one reading to the next. A good way to find out if this type of pro- 
blem exists is to input a known steady voltage and then take several readings. If they vary 
more than a couple of counts, then the reading is floating. To isolate this type of problem, 
do the following: 


a. Set the HP 3421A to dc volts, 3V range, and autozero off by running the following 
program: 


1G OUTPUT 901 ; *““FIRQZO0” 
20 ENTER 901; A 

30 DISP A 

40 GOTO 20 

50 END 





1-8-A-7 


Service HP 3421A 


b. Apply a stable +3V to the HP 3421A Q/V HI and Q/V LO front panel terminals. 
c. If the reading being input to the controller is now a steady +3V reading, make sure : 
the external connections were correct when the floating reading was noted. If the reading 
is still floating, proceed with step d. 


d. Using a high impedance digital voltmeter (like the HP 3456A), check U101 pin 6 for 
+ 10V (3V x 3.33). If it is correct, and you know the external connections were correct when 
the floating reading was observed, suspect a problem with the A/D converter (A/D hybrid 
(U403) or integrator (U401)). If the voltage at U101 pin 6 is still wrong, proceed with step e. 


e. Remove the power supply from the front panel terminals. Use the positive lead of the 
power supply and apply a stable +3V to U101 pin 3 and connect the low lead of the power 
supply to circuit ground. 


f. While running the program, check U101 pin 6 for + 10V (3V x 3.33). If the voltage 
at U101 pin 6is + 10V, U102 is probably defective. If the voltage at U101 pin 6 is not + 10V, 
U101 is probably defective, although the feedback loop for U101 (inside U102) could be causing 
the problem. 


1-8-A-32. Noisy Readings on All Ranges 


1-8-A-33. Noisy readings are most likely caused by the input hybrid (U102) or the input 
amplifier (U101). For noisy readings, do the following: 





a. Set the HP 3421A to dc volts, 3V range, and autozero off by executing the following 
program lines: 


OUTPUT 901 ; ‘‘FIROZO’’ 


b. Using an external power supply, apply a stable + 3V to the Q/V HI and Q/V LO front 
panel terminals. 


c. Using a high impedance digital voltmeter (like the HP 3456A), check the voltage at 
U101 pin 6 for a stable + 10V (3V x 3.33). If U101 pin 6 is good with autozero off, the input 
hybrid (U102) is defective. If U101 pin 6 is noisy, continue with step d. 


d. Connect pin 2 and pin 6 of U101 to each other. This reduces the amplifier gain to unity 
{(X1) by removing the feedback loop through U102. 


e. With the feedback loop removed, measure for a stable +3V at U101 pin 3 (or U102 
pin 10). If the voltage is noisy, there is probably a noisy component inside U102. If the voltage 
is stable, proceed with step f. 


f. Measure the voltage at U101 pin 6. If it is noisy, replace U101. If it is stable, there 
is probably a noisy component in the feedback loop inside U102. Replace U102. 
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The instrument contains CMOS integrated circuits which are suscep- 
tible to failures from static discharge. It is especially important that 
grounded tools and wrist straps be used when handling or 
troubleshooting these components. 


1-8-B-1. INTRODUCTION 


|-8-B-2. This service group contains the ac volts troubleshooting procedures for the HP 34214. 
Before troubleshooting an ac volt failure, make sure the dc volt function is operating 
properly (see Service Group A). The de volt function must be operating properly before the 
ac volt function can operate properly. The reason for this is that both functions use much 
of the same circuitry. 


1-8-B-3. EQUIPMENT REQUIRED 


1-8-B-4. The troubleshooting procedures in this service group require the following test 
equipment. 


HP-85 Computer equipped with HP-IL or HP-IB Interface 
(another controller can be used but the program lines 
may have to be modified for that controller) 

Oscilloscope 

AC Signal Source (capable of an 8.2V p-p, | kHz output). 


1-8-B-5. AC VOLTS TROUBLESHOOTING 


1-8-B-6. The ac volt function uses the same relay (K103) for both ac ranges (3V and 30V). 
An ac volt failure can be overload, inaccurate, floating, or noisy readings. The failures were 
explained at the beginning of Section VIII (see paragraph 1-8-28). The following paragraphs 
have the troubleshooting procedures for these failures. Unless specified otherwise, refer to 
Schematic 1 for the troubleshooting procedures. 


1-8-B-7. Overload, Floating, or Noisy Readings 
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1-5-B-8. Assuming the de volts function is operating properly, overload readings can be 

caused by a saturated stage in the ac to de converter. Floating readings can be caused by © 
an open circuit in the ac to de converter. Noisy readings can be caused by any stage of the 

ac to de converter, including a defective filter capacitor. 





|-8-B-9. Since both ac volt ranges only use the K103 relay, first make sure that K103 is go- 
ing to a set state when the ac volt function is selected. Also, since K103 is a latching type 
relay, the set coil will not have 5V across it all the time, only as it changes from a reset to 
set state. To check K103 perform the following procedure. 


a. Execute the following program. Do not input an ac voltage at this time. 


10 OUTPUT 901 ; **FIRO”’ 
20 OUTPUT 901 5 “F2R1” 
30 GOTO 10 

40 END 


b. When the above program Is running, the HP 3421A is alternately configured between 
dc volts, 3V Range, and ac volts, 30V Range. 


c. Use an oscilloscope and monitor U102 pin 29. This line should be make a high-to-low 
transition, followed by the line going high again. The high-to-low transition should occur 
about once per second. You may also observe a positive overshoot of about 6V, which is 
normal. If U102 pin 29 is OK, replace K103. If U102 is not OK, replace U102. 





1-8-B-10. In the remaining troubleshooting procedures, a 1 kHz ac signal with an amplitude 
of 2.9V RMS (~ 8.2V p-p) will be input and then traced through the instrument. The 
waveforms shown, therefore, will be different that what you can expect if you input a signal 
that is different in frequency or amplitude, although they may be very similar. Also, if you are 
experiencing an ac failure at a particular frequency, it is suggested that your input corres- 
pond to the frequency that is causing the problem. The waveforms shown in the following 
procedure should suffice as examples, regardless of the frequency. To trace an ac signal through 
the instrument, perform the following procedure. 


a. Set the HP 3421A to ac volts, 3V Range by executing the following program line: 
OUTPUT 901 ; **F2RO0”’ 


b. Apply a 1 KHZ signal with an amplitude of 8.2 V p-p (2.9V RMS) to the HP 3421A 
2/V HI and Q/V LO front panel terminals. The actual amplitude of the signal is not impor- 
tant, but should be less than 3V RMS, since we are using the 3V Range. If the amplitude 
is greater than 3V RMS and it is input to the controller while the instrument is configured 
for the 3V range, the HP 3421A will return an overload reading. This shows up as ‘'999990000”’ 
(when displayed on the HP-85). 


c. Set the oscilloscope to 2V/Div with a .5 ms sweep time and check for the waveform 
at E101 as shown in Figure 1-8-B-1. This check ensures that the ac input is getting to the 
input of the ac relay (K103). 
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Figure 1-8-B-1. AC Input Waveform at E101 





d. Check U102 pin | for the same waveform as in step c. If the input signal does not 
appear at U102 pin 1, then K103 either did not go to a set state or it is defective. Make sure 
the instrument is configured for ac volts, 3V range, before replacing the relay. Also, make 
sure the relay goes to the set state when the configuration commands are executed. The 
procedure to do this was explained at the beginning of this service group. If the waveform 
is correct, proceed with step e. 





e. Check U101 pin 6 for the waveform shown in Figure 1-8-B-2. If it is incorrect, and 
the dc volts function is OK, suspect a problem with the ac input path inside U102. If U101 
pin 6 is correct, proceed with step f. 
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Figure 1-8-B-2. U101 Pin 6 Waveform With AC Input 
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f. Change the oscilloscope to .SV/div, and then check the anode of CR301 for the waveform 
shown in Figure 1-8-B-3. If it is incorrect, troubleshoot U301B and associated circuitry. If © 
it Is correct, proceed with step g. 
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Figure 1-8-B-3. CR301 Waveform With AC Input 


g. Check U301 pin | for the waveform shown in Figure 8-B-4. This figure shows a full 
wave rectified waveform. If it is incorrect, suspect a problem with U301. If it is correct, 
proceed with step h. 
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Figure 1-8-B-4. U301 Pin 1 Waveform With AC input 
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h. To ensure K103 is going to the set state, monitor U102 pin 27 with an oscilloscope while 
- running the following program. The program alternately selects the ohms and ac functions. 
It is necessary to do this because K102 is a latching type relay, which means that the set coil 
will only have 5V across it when the relay goes from a reset to set state. When running the 
program, you should see U102 pin 27 make momentary high-to-low transitions and return 
high again. You should also hear an audible click of the relays as they change states. If there 
are no transitions on U102 pin 27, replace U102. If U102 pin 27 is making transitions, then 
K102 is defective. 


10 OUTPUT 901 5 Fs” 
20 OUTPUT 901 5 “F2"” 
30 GOTO 10 

40 END 


1-8-C-16. Noise on Ail Ranges 


i-8-C-17. Noise on all ranges is usually caused by a noisy ohms current. To troubleshoot 
this problem, perform the following procedure. 


a. Connect a 3 kQ resistor across the HP 3421A 0/V Hl and Q/V LO front panel terminals. 


b. Set the HP 3421A to the 2-wire ohms function and the 3 kQ range by running the follow- 
ing program: 


IO OUTPUT 901 5 ““FIRS*’ 
20 ENTER 901; A 

30 DISP A 

40 GOTO 20 

50 END 





c. Use a cliplead and connect U102 pin 15 (or emitter of Q201) to the HP 3421A 0/V 
HI front panel terminal. If the ohms function is now quiet (1.e., the reading is steady), check 
Q201 through Q204. If it is still noisy, proceed with step d. 


d. Using a high impedance digital voltmeter (like the HP 3456A), make sure the voltage 
at U201 pin 6 is a quiet +12V (< 10uV change). If it is quiet, proceed with step e. If it 
is noisy, check U201 pin 2 for a quiet + 8V. If U201 pin 2 is quiet, then U201 is defective. 
If U201 pin 2 is noisy, replace U102. 


e. If U201 pin 6 is quiet, measure the voltage at U202 pin 6 for a quiet + 12V (<10 nV 
change), keeping in mind that U202 might have a slight gain error. If U202 pin 6 Is noisy, 
replace U202. If it is good, replace U203. If, after replacing U203, the readings are still noisy, 
replace U102. 


1-8-C-18. Floating Readings on All or Some Ranges 


1-8-C-19. A floating reading is usually caused by an open circuit between the HP 3421A 
input terminals and the input amplifier (U101). If this failure is encountered, make sure the 
de volts function is operating correctly. If the failure shows up in the ohms function only, 
U102 may be defective. 
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The instrument contains CMOS integrated circuits which are suscep- 
tible to failures from static discharge. It is especially important that 
grounded tools and wrist straps be used when handling or 
troubleshooting these components. 


1-8-C-1. INTRODUCTION 


1-8-C-2. This service group contains the ohms troubleshooting procedures for the HP 3421A 
and is symptoms oriented (i.e., what fails). Unless otherwise specified, refer to Schematic 
1 when using the troubleshooting procedures. 


1-8-C-3. Most ohms failures will affect both the 2-wire and 4-wire ohms functions. The 
troubleshooting procedures when both functions are failing starts with paragraph 1-8-C-8. 
If the failure is for 4-wire ohms only, refer to paragraph 1-8-C-26. 


1-8-C-4. Before troubleshooting the ohms functions, you should understand that the HP 
3421A can be calibrated for 2-wire ohms or 4-wire ohms, but not both functions at the same 
time, The instrument should be used in the function for which it was calibrated. Also, the 
instrument was calibrated at the factory for 4-wire ohms. Thus, if you are using the 2-wire 
ohms function and are getting inaccurate readings, re-calibrate the instrument before 
troubleshooting this function. 
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i-8-C-5. Even though the 2-wire and 4-wire ohms functions use different calibration 

constants, readings obtained for the 2-wire ohms function are accurate enough for » 
troubleshooting, even if the instrument is calibrated for 4-wire ohms. A 2-wire ohms 
troubleshooting procedure is also easier than a 4-wire ohms procedure. Because of this, most 
troubleshooting procedures in this service group are for 2-wire ohms. 





1-8-C-6. EQUIPMENT REQUIRED 


1-8-C-7. The troubleshooting procedures in this service group require the following test 
equipment: 


HP-85 Computer equipped with HP-IL or HP-IB Interface 
(another controller can be used but the program lines 
may have to be modified for that controller) 

High Impedance Digital Voltmeter (like the HP 3456A) 

Oscilloscope 

Variable 0-10Vdc Power Supply 

Resistors (3 kQ, 1 kQ) 


1-8-C-8. OHMS TROUBLESHOOTING 


1-8-C-9, Ohms failures include overload, inaccurate, constant zero, floating, or noisy readings 
on some or all ranges. A failure normally shows up with the appropriate full scale resistor 
across the input. For example, an overload on the 3 kQ range occurs when a 3 kQ resistor 
is across the 2/V HI and Q/V LO terminals. The following paragraphs contain the 
troubleshooting procedures for the various ohms failures. These failures were explained at 
the beginning of Section VIII (see paragraph 1-8-29). 





1-8-C-10. Overload Readings on All Ranges 


1-8-C-11. An overload is usually caused by an excessive ohms current, or an open between 
the input terminals and the input circuitry. Make sure the dc volts function is operating 
properly before troubleshooting this failure. To troubleshoot this failure, perform the following 
procedure. 


a. Connect a 3 kQ resistor between the HP 3421A 0/V HI and Q/V LO terminals. Note: 
since the selected range will be 3 kQ, make sure the resistor is as close to 3 kQ as possible. 
If the resistor is >3.01 kQ, the HP 3421A will return an overload reading, even if it is operating 
properly. 


b. Configure the HP 3421A to the 2-wire ohms function and the 3 kQ range by running 
the following program: 


10 OUTPUT 901 ; ‘‘F3R3’’ 
20 ENTER 901; A 

30 DISP A 

40 GOTO 20 

50 END 
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c. With the program running, the computer should be displaying the proper reading. If 
* this is the case, then there is not an overload problem on the 3 kQ range. If an overload 
is being observed, proceed with step d. 


d. With the computer indicating an overload, measure the voltage between pin 17 and 
pin 19 of U102 using a high impedance voltmeter like the HP 3456A. Connect the low lead 
of the test voltmeter to pin 17 and the high lead to pin 19. 


e. If the voltage on the test voltmeter is +4Vde while the computer is indicating an overload, 
the range resistors inside U102 may be out of tolerance. Replace U102. 


f. If the voltage on the test voltmeter is anything other than +4Vdc, the current source 
is defective. Refer to paragraph 1-8-C-24 for troubleshooting. 


1-8-C-12. Inaccurate Readings on All or Some Ranges 


1-8-C-13. This failure is usually caused by the ohms current changing value with load changes. 
To troubleshoot this failure, perform the following procedure. 


a. Connect a 3 kQ resistor across the HP 3421A Q/V HI and 2/V LO terminals. Note: 
since the selected range will be 3 kQ, make sure the resistor is as close to 3 kQ. as possible. 


b. Set the HP 3421A to the 2-wire ohms function and the 3 kQ range by running the follow- 
ing program: 


10 OUTPUT 901 ; ‘*F3R3” 
20 ENTER 901 ; A 

30 DISP A 

40 GOTO 20 

50 END 





c. The first check is to make sure that Q205 is not shorted. If Q205 is shorted, too much 
ohms current will be shunted to ground thereby causing the reading to be inaccurate. If Q205 
is good, proceed with step d. 


d. Using a high impedance digital voltmeter (like the HP 3456A), measure the voltage 
across R204. Since the ohms current on the 3 kQ range is 1 mA, the voltage across R204 
should be about .47Vdc (470 2. X 1 mA). 


e. If the voltage is radically wrong, the ohms current source is probably at fault, although 
R204 may have opened or changed value. Use the overload troubleshooting procedure to 
determine the faulty circuit (see paragraph 1-8-C-10). If the voltage across R204 is good, 
proceed with step f. 


f. Remove the 3 kQ resistor from the HP 3421A front panel terminals. Then place a short 
across the two front panel terminals. 
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zg. Measure the voltage across R204 again. It should sull read about .47Vdc. If the voltage 
across R204 has changed, the output PMOS FET (inside U102), or the overvoltage protec- * 
tion transistors (Q201-Q205) may be defective. First make sure that Q201 through Q205 are 
good. The actual circuit voltages for these transistors are not given because they will vary 
considerably as the load changes. Check the transistors for junction shorts and opens. If 
Q201-Q205 are good, replace U102. 


1-8-C-14. Constant Zero Readings on All Ranges 


1-8-C-15. Constant zero readings are usually caused when the ohms current source does not 
supply any current. Since no current goes through the resistor to be measured, no voltage 
drop is developed across the resistor, and therefore the HP 3421A returns a zero reading. 
A no current condition can be caused by an open circuit in the ohms current source path, 
or by a defective ohms current source. To troubleshoot constant zero readings, perform the 
following procedure. 


a. Connect a 3 kQ resistor across the HP 3421A front panel 2/V HI and Q2/V LO terminals. 


b. Set the HP 3421A to the 2-wire ohms function and the 3 kQ range by running the follow- 
ing program: 


19: OUTPUT 901 ; “E3R3" 
20 ENTER 901; A 

30 DISP A 

40 GOTO 20 

50 END 





c. Use a cliplead and connect pin 15 of U102 (or emitter of Q201, which is easier to 
access) to the HP 3421A Q/V HI front panel terminal. If the reading is still constant zero, 
the ohms current source is defective, in which case you should go to paragraph 1-8-C-24 
for troubleshooting. If the ohms function is now operating properly, there is an open in the 
current source path in which case you should proceed with step d. 


d. Disconnect the cliplead from pin 15 of U1020 (emitter of Q201). Connect it to the col- 
lector of Q204 or Q203. Leave the other end of the cliplead connected to the 2/V HI ter- 
minal. If a constant zero reading is displayed, check for an open Q201 through Q204. If 
the ohms functions is operative, proceed with step e. 


e. Disconnect the cliplead from the collector of Q204 or Q203. Connect it to the cathode 
of CR201. If a constant zero reading is displayed, check for an open CR201. If the ohms 
functions is operative, proceed with step f. 


f. Disconnect the cliplead from the cathode of CR201. Connect to the junction of L201 
and R204. If a constant zero reading is displayed, check for an open L201. If the ohms func- 
tions 1S Operative, proceed with step g. 


g. Disconnect the cliplead from the junction of L201 and R204. Connect it to the other 
side of R204 (the side of R204 that connects to K102 pin 10). If a constant zero reading is 
displayed, check for an open R204. If the ohms functions is operative, either K103 is defec- 
tive, or K103 is not going to a set state when the ohms function is selected. If K103 is not 
going to the set state, proceed with step h. 
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h. To ensure K103 is going to the set state, monitor U102 pin 27 with an oscilloscope while 
- running the following program. The program alternately selects the ohms and ac functions. 
It is necessary to do this because K102 is a latching type relay, which means that the set coil 
will only have 5V across it when the relay goes from a reset to set state. When running the 
program, you should see U102 pin 27 make momentary high-to-low transitions and return 
high again. You should also hear an audible click of the relays as they change states. If there 
are no transitions on U102 pin 27, replace U102. If U102 pin 27 is making transitions, then 
K102 is defective. 


10 OUTPUT 901 5 Fs” 
20 OUTPUT 901 5 “F2"” 
30 GOTO 10 

40 END 


1-8-C-16. Noise on Ail Ranges 


i-8-C-17. Noise on all ranges is usually caused by a noisy ohms current. To troubleshoot 
this problem, perform the following procedure. 


a. Connect a 3 kQ resistor across the HP 3421A 0/V Hl and Q/V LO front panel terminals. 


b. Set the HP 3421A to the 2-wire ohms function and the 3 kQ range by running the follow- 
ing program: 


IO OUTPUT 901 5 ““FIRS*’ 
20 ENTER 901; A 

30 DISP A 

40 GOTO 20 

50 END 





c. Use a cliplead and connect U102 pin 15 (or emitter of Q201) to the HP 3421A 0/V 
HI front panel terminal. If the ohms function is now quiet (1.e., the reading is steady), check 
Q201 through Q204. If it is still noisy, proceed with step d. 


d. Using a high impedance digital voltmeter (like the HP 3456A), make sure the voltage 
at U201 pin 6 is a quiet +12V (< 10uV change). If it is quiet, proceed with step e. If it 
is noisy, check U201 pin 2 for a quiet + 8V. If U201 pin 2 is quiet, then U201 is defective. 
If U201 pin 2 is noisy, replace U102. 


e. If U201 pin 6 is quiet, measure the voltage at U202 pin 6 for a quiet + 12V (<10 nV 
change), keeping in mind that U202 might have a slight gain error. If U202 pin 6 Is noisy, 
replace U202. If it is good, replace U203. If, after replacing U203, the readings are still noisy, 
replace U102. 


1-8-C-18. Floating Readings on All or Some Ranges 


1-8-C-19. A floating reading is usually caused by an open circuit between the HP 3421A 
input terminals and the input amplifier (U101). If this failure is encountered, make sure the 
de volts function is operating correctly. If the failure shows up in the ohms function only, 
U102 may be defective. 
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1-8-C-20. Overioad, Noise, or Constant Zero Readings on Some Ranges 





i-8-C-21. When failures occur on some ranges, it can only be caused by the input hybrid = 
(U102). This is because U102 is used to configure the current source for the different ranges. 
If at least one range is good, the ohms current source is operating. 


1-8-C-22. OHMS OVERVOLTAGE PROTECTION CIRCUITRY TROUBLESHOOTING 


1-8-C-23. This circuitry protects the ohms current source from excessive positive or negative 
input voltages. CR201 provides protection for positive input voltages; Q201 through Q205 
provide protection for negative input voltages. To make sure the circuitry is operational, 
check the following: 


a. To check the circuitry operation for positive input voltages, do the following: 


1. Set the HP 3421A to the 2-wire ohms function and the 3 kQ? range by executing the 
following program line: 


OUTPUT 901 ; “‘F3R3” 


2. Connect a 1 kQ? resistor from pin 15 of U102 to ground. This step will shunt the 
ohms current to ground. 


3. Using a high impedance voltmeter (like the HP 3456A), measure the voltage across 
the 1 kQ resistor. The voltage should be about 1 Vde (1 kQ X 1 mA). The actual voltage 
will depend upon the exact value of the resistor. If the voltage across the 1 kQ resistor 
is wrong, the current source is defective. Refer to paragraph 1-8-C-24 for troubleshooting. 
If it is good, proceed with step 4. 





4. Set the variable 0-10Vdc power supply for a OV output. Connect the positive 
terminal of the power supply to the HP 3421A 02/V HI terminal, and the low lead to 
the Q/V LO terminal. 


5. While monitoring the voltage across the 1 kQ resistor, gradually adjust the power 
supply to an output of + 10V. If the voltage across the 1 kQ resistor remains the same 
as the power supply voltage is increased, the positive overvoltage protection circuit is 
operating properly. If the voltage does not remain the same, check CR201, Q203, Q202 
(in the order given). If these are good, check the remaining transistors in the overvoltage 
protection circuit (Q201, Q204, and Q205). 


b. To check the circuitry operation for negative input voltages, do the following: 


1. Leave the set up the same as in step a, except return the power supply to OV output. 
The voltage across the 1 kQ) resistor should be IV. 


2. Reverse the power supply output leads. 


3. With the power supply set to OV, check the voltage across R204, which should be 
OV because all of the ohms current is shunted to ground through the | kQ resistor. 





HP 3421A Service 


4. Increase the power supply output to — 10V while observing the vollage across the 

a 1 kQ resistor. This voltage should now read about .4V. The reason the voltage changes 
is because the power supply, with a negative output, should now sink some of the ohms 
current. This reduces the current through the 1 kQ resistor, and thereby reduces the 
voltage drop across it. 


5. If the voltage across the 1 kf resistor does not change, check the source and drain 
voltage of Q205 for a — .6V (from ground). If Q205 is good, check Q201 through Q204. 
If the voltage across the 1 kQ resistor checked good, proceed with step 6. 


6. Now check the voltage across R204, which should have increased from OV to about 
3V as a result of the power supply sinking more current. If it is good, the ohms over- 
voltage protection circuit is operating properly. If it is low, check Q201 through Q205. 


1-8-C-24. OHMS CURRENT SOURCE TROUBLESHOOTING 


1-8-C-25. The ohms current source consists of a voltage reference (U201), buffer (U202), 
gate bias amplifier (U203), range resistors (in U102), and ouput PMOS FET (inside U102). 
Before troubleshooting the ohms current source, check the + 10V reference supply at TP401 
for + 10V +.5V. If the + 10V reference is wrong, refer to Service Group F for troubleshooting. 
To troubleshoot the ohms current source, perform the following procedure. 


a. Set the HP 3421A to the 2-wire ohms function and the 3 kQ range by executing the 
following program line: 


OUTPUT 961: “ESR3”" 





b. With a high impedance digital voltmeter (like the HP 3456A), measure the voltage at 
pin 2 and pin 3 of U203 (U102 pins 17 and 18, respectively). The voltage on both pins should 
be approximately +8Vdc. 


c. If the two voltages are not very close to the same value (regardless of what the value 
is), replace U203. 


d. If the two voltage are wrong (other than + 8V), but are approximately the same value, 
do the following: 


1. Measure for approximately + 12V at pin 6 of U201. If it is correct, replace U102. 
If it is wrong, proceed with step 2. 


2. Measure for +8 at U201 pin 3. If itis wrong, replace U102. If the voltage is correct, 
proceed with step 3. 


3. Connect U201 pin 6 to U201 pin 2 (U102 pin 6 to pin 7). 


4. Measure for approximately +8V at U201 pin 6. If it is correct, replace U102. If 
it is incorrect, replace U201. 


@ e. If the voltages on both pins of U203 are approximately +8V, do the following: 





1. Connect a 3 kQ resistor across the HP 3421A 0/V HI and Q2/V LO terminals. 
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2. Measure for approximately + 12V at pin 6 of U202. If the voltage is wrong, connect 
U202 pin 6 to pin 2 (U102 pins 19 and 21). @ 





3. If U202 pin 6 is now good, replace U102. If it is still wrong, replace U202. 


tf. If the ohms current source is still inoperative, replace U203. If it is still inoperative after 
replacing U203, replace U102. 


1-8-C-26. 4-Wire OHMS TROUBLESHOOTING 


|-8-C-27. The major differences between the 4-wire and 2-wire ohms functions is that the 
4-wire ohms function uses the front panel ohms sense terminals and a different input path 
inside U102. Make sure the wires from the front panel terminals are connected properly. 
Also, make sure the lead resistance on all leads used for 4-wire ohms measurements are not 
excessive (< 3 of full scale reading on the 2/V LO lead and < \% of full scale on the 2/V 
HI lead). If everthing appears to be good, U102 is probably defective. 
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The instrument contains CMOS integrated circuits which are suscep- 
tible to failures from static discharge. It is especially important that 
grounded tools and wrist straps be used when handling or 
troubleshooting these components. 


1-8-D-1. INTRODUCTION 





1-8-D-2. This service group contains the A/D (analog to digital) converter troubleshooting 
procedures. An A/D converter failure will probably be detected during self test. If the A/D 
self test segment fails, it will be indicated by display segment 3 and the display error indicator. 
See the explanation on self test (paragraph 1-8-21). 


1-8-D-3. The A/D converter consists of the A/D hybrid (U403), integrator (U401), and DAC 
resistors (R401-R406). The A/D section uses +5V, and the + 10V and — 10V reference power 
supplies. 


1-8-D-4. EQUIPMENT REQUIRED 


1-8-D-5. The troubleshooting procedures for the A/D converter require the following 
equipment: 


HP-85 Computer equipped with HP-IL or HP-IB Interface 
(another controller can be used but the program lines 
may have to be modified for that controller) 

Oscilloscope (storage capabilities preferred) 

High Impedance Digital Voltmeter (like the HP 3456A) 

3Vdce Power Supply 

1 10 kQ Resistors 
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|-8-D-7. Before troubleshooting the A/D converter, do the following: 


a. Check the +5V and reference power supplies as outlined in Table 1-8-D-1. If any of 
these supplies are out of tolerance refer to Service Group F for troubleshooting. 


Table 1-8-D-1. +5V and Reference Power Supplies 


Power Supply | Check At | Tolerance _ 


+5V TP +5¥V 


+ 10V Reference TP 401 
— 10V Reference TP 400 
-10V Buffered U404 Pin 6 





b. Since the CPU (U508) controls the A/D converter, make sure the LRST line (TP LRST) 
is high. If the line is low, the CPU is being held in a reset state, in which case you should 
go to Service Group E for troubleshooting. 


c. Use an oscilloscope and check ALE at U508 pin 11 for the waveform shown in Figure 
1-8-D-1. If ALE is incorrect or missing, refer to Service Group E for troubleshooting. 
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Figure 1-8-D-1. ALE at U508 Pin 11 


d. If the +5V, +10V and — 10V reference voltages, LRST, and ALE are correct, it will 
be necessary to troubleshoot the A/D converter circuitry. This is explained in the following 
paragraphs. 


1-8-D-8. TROUBLESHOOTING THE A/D CONVERTER 


|-8-D-9. There are two procedures for troubleshooting the A/D converter. The first, begin- 
ning with paragraph 1-8-D-10, checks only the integrator (U401). If the integrator is good, 
U403 is probably defective. The second procedure, beginning with paragraph 1-8-D-12, allows 
you to check the integrator (U401) output waveform for a specified dc input, and the output 
of the U403 comparator with no input. 


1-8-D-10. Integrator (U401) Test 
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1-8-D-11, An Integrator failure can cause readings thal are constant zero, constant overload, 
a or erronous. To check the U401 integrator, do the following: 


a. Connect a 10 kQ resistor across (in parallel with) C410. 
b. Unsolder and lift one end of JM401. 
c. Using a short cliplead, connect pin 2 of U401 to TP401 (.e., the + 10 V Reference). 


d. Measure the voltage at U401 pin 6 for approximately —10V. If the voltage is 
incorrect, replace U401. If the voltage is correct, proceed with step e. 


e. Disconnect the clip lead from TP401 (+ 10 V Reference) and connect it to TP400 (— 10 
V Reference). 


f. Measure the voltage at U401 pin 6 for approximately + 10V. If the voltage 1s incorrect, 
replace U401. If it is correct, the integrator is operating properly. 


g. Remove the 10 kQ resistor and cliplead, and replace JM401. 


1-8-D-12. integrator/Comparator Waveforms 


1-8-D-13. Use this procedure to check the A/D converter waveforms, specifically the 
waveforms of the integrator and comparator. An oscilloscope with storage capabilities, such 
as the -HP- Model 1741A would be beneficial, although an oscilloscope without storage 
capabilities will suffice. To check the waveforms do the following: 





a. Configure the HP 3421A for dc volts, 3 volt range, and autozero off by running the 
following program: 


10 OUTPUT 901 ; **FIROZO”’ 
20 ENTER 901; A 

30 DISP A 

40 GOTO 20 

50 END 


b. Use a 3 Vdc power supply and apply 3 volts across the HP 3421A Q/V HI and W/V 
LO front panel terminals. Connect the positive lead of the power supply to the Q2/V HI ter- 
minal and the negative lead to the 2/V LO terminal. 


c. Set the oscilloscope for 5 ms/div sweep time and 2V/div vertical gain, and then monitor 
U401 pin 6 for the waveform shown in Figure 1-8-D-2. Note: to obtain this waveform the 
HP 3421A must be configured as outlined in step a, and the dc input voltage must be 3V. 
Also, the waveform appears only when a trigger occurs (i.e., the ENTER statement of the 
program is executed). Thus, the waveform will not be a steady display on the oscilloscope, 
which is the reason a storage oscilloscope is preferred. If the waveform is incorrect, replace 
U401. If it is correct, proceed with step d. 
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Figure 1-8-D-2. Integrator Output Waveform (U401 pin 6) 
d. Pause the program. 


e. Using the oscilloscope DELAY feature with a sweep time of .1 ms/Div, monitor the 
output of the comparator (U403 pin 11) for the waveform shown in Figure 1-8-D-3. Note: 
unless program execution is halted, the waveform will be different than what is shown in 
Figure 1-8-D-3, and it may be difficult to view. This comparator waveform is a result of 
zeroing the integrator when readings are not being taken. If the waveform is incorrect, replace 
U403. 
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Figure 1-8-D-3. Comparator Output Waveform (U403 pin 11) 
1-8-D-14. Other A/D Failures 
1-8-D-15. If U401 and/or U403 are replaced and there is still a problem with the A/D 


converter, the problem might be the CPU (U508), port expander (U512), or U513. Refer 
to Service Group E to check these components. * 
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The instrument contains CMOS Integrated Circuits which are 
susceptible to failure from static discharge. It is especially impor- 
tant that grounded tools and wrist straps be used when handling 
or troubleshooting CMOS components. 


1-8-E-1. INTRODUCTION 


1-8-E-2. This service group contains the troubleshooting procedures for the counter, power 
on reset, and control logic circuitry. This circuitry is located on schematic 2. The schematic 
2 power supply circuitry (Battery Backup and Cal RAM Battery Backup) is explained in 
Service Group F. The power supply wakeup logic is also explained in Service Group F. 


1-8-E-3. Most of the control logic troubleshooting procedures use signature analysis (SA). 
The HP 3421A SA routines are built-in and include a free run mode, plus two other levels 
(SAI and SA2). The SA tests are explained starting with paragraph 1-8-E-32. 
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1-8-E-4. Some of the troubleshooting procedures in this service group are performed without 
SA. These procedures are for the counter and power on reset circuitry. © 





1-8-E-5. The troubleshooting procedures that do not require SA are explained first, follow- 
ed by the SA procedures. 


1-8-E-6. EQUIPMENT REQUIRED 
1-8-E-7, The troubleshooting procedures in this service group use the following equipment: 


HP-85 Computer equipped with HP-IL or HP-IB Interface 
(another controller can be used but the program lines 
may have to be modified for that controller) 
Dual Trace Oscilloscope 
Digital Voltmeter (HP 3456A recommended) 
Signal Generator (used to troubleshoot the counter circuitry) 
HP 5004A Signature Analyzer (for the SA routines) 


1-8-E-8. COUNTER CIRCUITRY TROUBLESHOOTING 
1-8-E-9. This circuitry consists of US81 and associated components. The output of the counter 
is routed to the T1 input of the USO8 CPU. The counter is used to count events (transitions), 


and totalize. 


1-8-E-10. To troubleshoot the counter circuitry, do the following: 





a. Configure the HP 3421A to frequency and a one second gate time by running the follow- 
ing program: 


10 OUTPUT 901 ; **F7G0”’ 
20 ENTER 901; A 

30 DISP A 

40 GOTO 20 

50 END 


b. Input a 10 KHz ac signal with an amplitude of 220 mV RMS to the 02/V HI and Q/V 
LO front panel terminals. The actual frequency and amplitude of the input signal is not that 
important. However, the waveforms obtained will be different than those shown in this 
procedure unless the input frequency and amplitude are 10 kHz at 220mV RMS. 


c. If the computer is displaying the proper frequency with the program running (i.e., 10 
kHz), the counter function is operating properly. If the computer is not displaying the 
correct frequency, proceed with step d. 


d. Use an oscilloscope set to 2V/div and a sweep time of 50 ys/div and monitor U58] 
pin 7 for the square wave shown in Figure 1-8-E-1. If the waveform is incorrect or non-existent, 
proceed with step e. If it is correct but the counter function does not operate properly, replace 
U508. 
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Figure 1-8-E-1. Counter Output Waveform 


e. Change the oscilloscope to .5V/div and check U581 pin 5 for the waveform shown in 
Figure 1-8-E-2. If it is correct, replace U581. 
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Figure 1-8-E-2. Counter Waveform At U581 pin 5 


f. If the waveform at U581 pin 5 is wrong or non-existent, check U101 pin 6 for the 
waveform shown in Figure 1-8-E-3. If U101 pin 6 is correct, replace C581. If U101 pin 6 
is incorrect or non-existent, there is a problem in the input circuitry. Make sure the 
dc volts function is operating properly. 
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Figure 1-8-E-3. Counter Waveform At U101 pin 6 
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py. If the waveform at U101 pin 6 is correct but US581 pin 5 is incorrect, check the 
components associated with the input of U581, including C581. & 





1-8-E-11. POWER ON RESET CIRCUITRY TROUBLESHOOTING 


1-8-E-12. The RESET circuitry consists of U514B and associated components. Its purpose 
is to RESET the CPU to address location 3000 Hex at power on (i.e., when the front panel 
switch is pressed on, or the rear panel switch is pressed in and then released). When a RESET 
occurs, the instrument goes through self test. 


1-8-E-13, If this circuitry fails, the instrument will probably be locked up, and thereby not 
respond to commands. To troubleshoot this circuitry, do the following: 


a. With the front panel switch off, check TP LRST for OV. 


b. Press the front panel switch on and check to see if if TP LRST goes to + 5V. If it does, 
the RESET circuit 1s operating properly. If TP LRST goes to +5V but the instrument is 
still locked up, there is most likely a problem with the control logic. If TP LRST does not 
go to +5V at power on, do the following: 


|. Make sure the front panel switch is on. 


2. Check U514 pin 2 for approximately 4.3V. If it is correct, proceed with step 3. If 
U514 pin 2 is incorrect, make sure TP VB is between §.8V and 7.6V. If TP VB is incor- 
rect, go to Service Group F for troubleshooting. If U514 pin 2 is wrong but TP VB ® 
is good, replace CR507. 





3. Check TP +5V for 5V (+ .25V). If TP +5V is correct, proceed with step 4. If TP 
+S5¥V is incorrect, go to Service Group F for troubleshooting. 


4. Check C513. If is is good, replace U514. 
1-8-E-14. CONTROL LOGIC CIRCUITRY TROUBLESHOOTING 


1-8-E-15. This circuitry can be found on schematic 2. Signature Analysis (SA) is the most 
effective way to troubleshoot this circuitry. However, there are some other things you can 
do if you are not equipped to use SA. 


1-8-E-16. Where To Start 


|-8-E-17, Whether or not you are equipped to use signature analysis, there are some checks 
you should always make if you suspect a control logic problem. First, always make sure the 
power supplies are correct and stable. If the power supplies are good, perform the 
pre-troubleshooting checks. 
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1-8-E-18. Power Supply Checks. Always check the power supplies before allemplng to 

& troubleshoot a suspected control logic failure. The various power supply voltages are 
outlined in Table 1-8-E-1. If any power supply voltage is incorrect, refer to Service Group 
F for troubleshooting. 


Table 1-8-E-1. Power Supply Voltages 


Power Supply Checked At 





1-8-E-19. Pre Troubleshooting Checks. In addition to the power supplies, always perform 
the following checks before troubleshooting the control logic. 


a. Make sure the front panel switch is on. 


b. Check U508 pin 6 (CPU interrupt line (LINT)) to make sure it is high (+ 5¥V). If the 
instrument is operating properly, it will power down anytime LINT goes low (OV). Further- 
more, LINT is only activated when the front panel switch is pressed off. Therefore, if LINT 
is low when the front panel switch is on, replace 5502. 


c. Set the sweep time of an oscilloscope to .05 ws/div and a gain of 2V/div. For HP 3421A’s 
with Serial Prefix 2236 and below, check the CPU clock at pins 2 and 3 of U508. Check 
for the correct frequency (6.003 MHz) and amplitude as shown in Figure 1-8-E-4. For HP 
3421A’s with Serial Prefix 2247 and above, check only the clock signal at pin 2 of U508. 
If the CPU clock is incorrect, go to paragraph 1-8-E-20. 
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Figure 1-8-E-4. CPU Clock at U508 pins 2 and 3 
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d. Using an oscilloscope set to a sweep Lime of | ws/div and a gain of 2V/div, check U508 
pin 11 (ALE) for the waveform shown in Figure 1-8-E-5. If ALE is wrong, the problem is 
most likely U508, although the problem could be U507 or U403. 
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Figure 1-8-E-5. ALE at U508 pin 11 


e. Using an oscilloscope set to a sweep time of | ws/div and a gain of 2V/div, check TP 
506 (PSEN) for the waveform shown in Figure 1-8-E-6. If it is wrong, the problem is most 
likely U508, although the problem could be U509. 
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Figure 1-8-E-6. TP 506 (PSEN) 


f. Using an oscilloscope set to a sweep time of .2 ms/div and a gain of 2V/div, check 
TP 503 (P1T25) for the waveform shown in Figure 1-8-E-7. If it is wrong, the problem is 
most likely U508, although the problem could be U509. 
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Figure 1-8-E-7. TP 503 (PT25) 


g. Check TP LRST for +5V (+.5V). If it is incorrect, refer to paragraph 1-8-E-11 for 
troubleshooting. 


1-8-E-20. CPU Clock Circuitry Troubleshooting 


1-8-E-21. The CPU clock waveforms that should appear at U508 pins 2 and 3 were shown 
in Figure 1-8-E-4. If these were incorrect or non-existant, do the following: 





a. Using an oscilloscope set to a sweep time of .05 ys/div and a vertical gain of 2V/div, 
check U510 pin 1 (or the emitter of Q504) for the waveform shown in Figure 1-8-E-8. If 
it is incorrect, proceed with step b. If it is correct, replace U510. 
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Figure 1-8-E-8. CPU Clock at U510 pin 1 
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b. Using an oscilloscope set to a sweep time of .05 ys/div and a vertical gain of 2V/div, 
check the base of Q504 for the waveform shown in Figure 1-8-E-9. If it is incorrect, first Se 
check C511 and C512. If the capacitors are good, replace Y501. If the waveform at the base 
of Q504 is correct, replace Q504. 
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Figure 1-8-E-9. CPU Clock at Base of 0504 
1-8-E-22. Troubleshooting With Signature Analysis 


1-8-E-23. With the increased use of microprocessors, the complexity of signal timing and 
bus structures make the oscilloscope and/or voltmeter troubleshooting techniques difficult 
to use in some cases. Hewlett-Packard has developed the signature analysis technique to 
enhance the serviceability of microprocessor based products. 





1-8-E-24. Signature Analysis, commonly referred to as SA, is based on the premise that the 
data bit stream is predictable at a given point in a circuit if specific programming conditions 
are met. The data at a given point in a circuit is analyzed over a controlled period (window), 
This results in a unique four character signature which is displayed on the signature analyzer. 
If the signature matches the one listed for that test, then that part of the circuitry is operating 
properly. If the signatures do not match, some circuit component is probably defective. 
However, this may not be the case, as explained in the following paragraph. 


1-8-E-25. Incorrect Signatures 


1-8-E-26. Finding an incorrect signature does not necessarily mean that the devices connected 
to that circuit node are defective. Some previous device may be providing incorrect signals, 
or your setup may be incorrect. Also, it could be that the signature you are reading does 
not match the one listed for that test because some component(s) used in the original design 
has been substituted, or a circuit design change may have taken place. Remember, a signature 
merely reflects the data present over a very controlled period. Thus, if the circuitry has been 
changed, the signatures have probably changed too. The best way to approach this potential 
problem is to make sure you have the manual that is applicable to the instrument serial number 
you are troubleshooting. 


1-8-E-27. Types of Incorrect Signatures 
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1-8-E-28. Common digital circuit failures include stuck lines, A line can be stuck at OV (low 

= or GND), +5V (high), or anywhere between OV and + 5V. In any event, a stuck line does 
not make transitions. Depending upon the level of the stuck line, and because of the threshold 
requirements of the signature analyzer, a stuck line will indicate either a GND, or +5V 
signature. Also, the probe tip may be on, off, or even flickering when a stuck line 1s 
encountered, depending upon the level where it is stuck. You should also keep in mind that 
some signatures noted in the tables that follow are indicated as GND or +5V signatures. 
When these are noted in the signature tables, they are valid signatures. 


1-8-E-29. To find the defective device connected to a circuit node that is stuck low, first 
make sure the inputs to the device are good. If an input is bad, trace the bad signal back 
to its source. If the inputs are good, use a high resolution voltmeter and probe the devices 
connected to the node that is stuck low. The defective device will be sinking the most 
current, and therefore will usually have the largest voltage at its pin connected to the circuit 
node that is stuck low. This voltage is developed by the current going through the trace to 
the pin of the defective device. 


1-8-E-30. If the node is stuck high, first make sure the inputs to the device are good. If an 
input is bad, trace the bad signal back to its source. However, if the inputs are good, it could 
be any device connected to the node that is stuck high that is defective. A general rule here 
is to suspect the sourcing device, although this may not always be the problem. 


1-8-E-31. Another type of incorrect signature is one that is different than the one listed for 
the circuit node under test, but it is not a GND or +5V signature. This can be caused by 
incorrect timing, data, etc.. If this type of signature is encountered, it should be traced to 
its source. That is, use the schematics and trace back through the circuitry until you find 
the location where the incorrect signal starts. When you find the component where its 
output signature is wrong but its input signature(s) is good, replace that device. 





1-8-E-32. Signature Analysis Tests 


1-8-E-33. The HP 3421A has three SA tests, SAI, SA2, and Freerun. Use the Freerun Test 
if unable to run SAI or SA2, or if a wrong signature is found when checking ROM or RAM 
in the SAI test. For these, use the Freerun Test to isolate the problem. 


1-8-E-34. SAI allows you to check ROMO (U506), ROM1 (U505), ROM Enable Gate (U509), 
XRAM (U503 and U504), CPU (U508), Address Latch (U507), Port Expander Enable (US10C 
or U510D in early instruments), and the Port Expanders (U511, U512). SA2 allows you to 
check the Port Expanders (U511, U512), HP-IL chip (U501), and Cal RAM (U502). It should 
be noted that if the Cal RAM is tested using the SA2 Test, the calibration constants will 
be altered, requiring instrument re-calibration. However, you can run the SA2 test without 
testing Cal RAM. 


1-8-E-35. It may not be necessary to run SA. The flowchart shown in Figure 1-8-E-10 is 
a power on sequence that should guide you in getting where you need to be for troubleshooting. 
Refer to the flowchart and follow this procedure: 


a. Make sure all options are removed from the instrument. The SA procedures in this 
chapter will NOT check options. 





b. Make sure nothing is connected to the front panel input terminals. 
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c¢. Press the front panel switch on and observe the front panel display to see if self test 
passes. Self test 1s discussed in detail at the beginning of Section VIII (see paragraph 1-8-21). © 





d. If self test passes but the instrument is failing some function (dc volts, ac volts, etc.), 
refer to the service group for the function that is bad, as outlined in the flowchart 
(Figure 1-8-E-10). 


e. If one or more self test segments fail, proceed with step g. Otherwise, proceed with 
step f. 


f. If the instrument locks up at turn on (i.e., it does not perform self test), the display 
could have any or all of its segments on (or off). If the instrument locks up at power on, 
do the following: 


1. First check all the power supplies as outlined in paragraph 1-8-E-18. If they are 
correct, proceed with step 2. If any of the supplies are incorrect, go to Service Group 
F for troubleshooting. 


2. If the supplies are OK, run the Freerun SA Test. This is outlined starting with 
paragraph 1-8-E-65. 


vw. See the self test discussion (paragraph 1-8-21). 


h. Ifa self test segment(s) fails, it will be either an analog or digital failure. Analog failures 
include A/D slope error, indicated by display segment 3; 10 MQ Test, indicated by display 
segment 7; or Low Battery, indicated by display segment 27 (and a power down 3 seconds 
later). If the failure is analog, there is no need to run an SA test. Instead, refer to the 
appropriate service group depending upon the analog failure, as outlined in the flowchart. 





i. If the self test failure is digital and you want to check the signatures for the failure, 
refer to the appropriate paragraph as outlined in the flowchart. Other signatures that are 
available include port expander enable lines for U511 and U512, and the HP-IL chip. 
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Figure 1-8-E-10. Power-On Sequence 
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1-8-E-36. SA1 Test 
1-8-E-37. SAI allows you to verify the signatures for the following ICs: @ 





ROM (U505 and U506) 

Address Latch (U507) 

CPU (U508) 

MRAM (U503 and U504) 

Port Expander Enable (US10C or US10D in early instruments) 
Port Expander 0 (U512) 

Display at P50] 


[-8-E-38. You should check the SA] signatures in the order given, unless you suspect a display 
problem, in which case you should refer to paragraph 1-8-E-53. The display (and circuitry 
that drives the display) is probably OK if all of the display segments turn on for a brief period 
during self test. Also, display segments 0, 1, 2, 3, 4, 5, 6, and 7 should turn on when you 
are running an SA routine. 


1-8-E-39. Data Bus Signatures 


1-8-E-40. In the SA] Test, data bus signatures are generated by either the ROM (U505, US06) 
or XRAM (U503 and U504). Each set of signatures requires a different setup. 


1-8-E-41. ROM Data Bus Signatures. To check these signatures, do the following: 


a. Make sure all segments of the rear panel switch (S501) are in the up position. 





b. Connect TP 509 (U508 pin 1) to ground. Early instruments do not have TP 509, in 
which case you should connect U508 pin 1 to ground. 


c. Make sure E501 is in place. 


d. Set the signature analyzer as follows: 


Start = \_ (in) 
Stop =_/ (out) 
Clock =_/ (out) 


e. Connect the signature analyzer as follows: 


Start to JS04 ST 
Stop to J504 SP 
Clock to TP 506 


f. If the motherboard part number is 03421-66501, move switch segment 4 of switch S501 
to the down position. If the motherboard part number is 03421-66511, move switch segment 


1 of S501 to the down position. 


g. Cycle power by pressing the front panel switch off and then on. 





h. If the motherboard part number is 03421-66501, move switch segment 4 of switch S501 
to the up position. If the motherboard part number is 03421-66511, move switch segment 
1 of S501 to the up position. 
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1. Assuming that the display is operaling properly, display segments U0, 1, 2, 3, 4, 5, 6, 
* and 7 should be on. This ensures the instrument is running an SA routine. If these display 
) segments are not on, repeat this setup. If these display segments still do not turn on after 
repeating the setup, there may be a problem with the display, display connector, or the 

circuitry that drives the display. See paragraph 1-8-E-53. 


1-8-E-42. You are now ready to check the ROM data bus signatures. These signatures are 
listed in Table 1-8-E-2. If all signatures are correct, the ROM is being addressed properly 
and is providing good data. Proceed to the XRAM data bus signatures (paragraph 1-8-E-43), 
If any signature is incorrect, you should perform the Freerun Test. If the Freerun Test has 
already been performed and the Freerun Test signatures were correct, but there was an in- 
correct ROM data bus signature in SAI, the CPU internal RAM is probably bad, in which 
case you should replace U508. 


NOTE 


Make sure the Freerun SA Test is or has been performed, if any 
signatures in Table 1-8-E-2 are incorrect or if you are unable to read 
any signatures at all. 


Table 1-8-E-2. ROM Data Bus Signatures 
(SA1 Test) 


| +5¥V Signature: 3428 | 
[Mnemonic | Function | Check At_| Signature | Also Appears A 


Data Bit O U505(9} U506(9),U504(10), 
U502(9,10),U501(14), 
U508(12),U507(18), 
E501(3,14),RP501(13) 





U505(10) U506(10),U504(11.12), 
U502(11,12),U501(13), 
U508(13),U507(17), 
E501(4,13),RP501 (4) 


U505(11) U506(11),U504(13, 14), 
U502(13,14),U501(12), 
U508(14),U507(14), 
E501(7),RP501(7) 


U505(13) U506(13),U504(/15,16), 
U502(15,16),U501(11), 

U508(15),U507(13), 

| —€501(8.9),RP501(8) 


U505(14) U506(14),U503(9.10), 
U501(9),U508(16), 
U507(8),E501(6,11), 
RP501(6) 


WU505(15} | U506(15),U503(11.12) 
| } U501(8),U508(1 7), 
|} U507(7),E501(5,12), 
RP501(5) 


U505(16) - U506(16),U503(13,14), 
U501(7),U508(18), 
U5O07(3),E501(1,176), 
RP501(1) 


U505(17) U506(17),U503(15,16), 
U501(6),U508(19), 
U507(4),E501(2,15), 
RP501(2) 
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1-§8-b-43. MRAM Data Bus Signatures. Check these signatures if the ROM data bus signatures 

were correct. These signatures are listed in Table 1-8-E-3. If all signatures are good, the XRAM 6 
is being addressed properly and is providing good data. If this is the case, do not check the 

XRAM address bus signatures. Instead, proceed to paragraph 1-8-E-48. However, if any 

ARAM data bus signature is incorrect, check the XRAM address bus signatures (paragraph 

1-8-E-45). 


1-8-E-44. To check the XRAM data bus signatures, do the following: 


a. Check the display to make sure display segments 0 thru 7 are on. This ensures the 
instrument is running an SA routine. If the display segments are not on, perform the same 
setup that was explained for the ROM data bus signatures (paragraph 1-8-E-41). 


b. Set the signature analyzer as follows: 


Start = \. (in) 
Stop = _/ (out) 
Clock = / (out) 


c. Connect the signature analyzer as follows: 
Start to JS04 ST 


Stop to J504 SP 
Clock to TP 508 





1-8-E-45. XRAM Address Bus Signatures. Check these signatures only if there was a bad 
XRAM data bus signature. These signatures are listed in Table 1-8-E-4. If all signatures are 
correct, proceed to the port expander enable line signatures (paragraph 1-8-E-48). If a bad 
signature is found for any address line (AO thru A7), refer to the schematics and check that 
signature(s) at the output of the address latch (U5S07). For example, if AO has the wrong 
signature at U504 pin 4, check for the signature at U507 pin 19. If the signature is correct 
at the output of U507, but incorrect at U504, then there is a broken trace for that line. If 
the signature is also wrong at the output of U507, perform the Freerun Test. 


1-8-E-46. Three other signatures listed in Table 1-8-E-4 are for the XRAM Read (RD), Write 
(WRT), and Enable (EN) lines. If an incorrect signature is found on the RD or WRT lines, 
U508 is probably bad. If the EN line has an incorrect signature, the problem could be U508 
or U512. 
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Table 1-8-E-3. XRAM Data Bus Signatures 


* (SA1 Test) 


+5V Signature: 3825 


_Meweis_| feoin_|tets_| Sere, Also Appears Al 


Data BitO | U504(9,10) U506(9),U505(9)}, 
U502(9,10),U501(14), 
U508(12),U507(18), 
E501(3,14),RP501(3) 
































































































Di Data Bit 1 W504(117,1 
2) U506(10),U505/10), 
U502(11,12),U501(13}, 
U508(13), UBO7(1 7), 
E501(4,13), RP501(4) 
D2 Data Bit 2 U504(14,1 
4) U506(11),U505(1 1), 
U502(13,14),U501(12), 
U508(14),U507(14), 
E501(7,10),RP501(7) 
DS Data Bit 3 U504(15,1 
6) U506(13),U505(13), 
U502(15,16)},U501(1 1); 
U508(15),U507(13), 
E501(8,9),RP501(8) 
D4 Data Bit 4 U503(39, 10) U506(14),U505(14), 
U501(9),U508(16), 
U507(8),E501(6,11), 
RP501(6) 
D5 Data Bit 5 U503(11,1 
Z] U506(15),U505(15), 
U501(8),U508(17), 
US07(7),E501(5,12), 
RP501(5} 
D6 Data Bit 6 U503(13,1 
A) U506(16),U505(16), 
U501(7),U508(18), 
U507(3),E501(1,16), 
RP501(1) 
D7 Data Bit 7 U503(15,1 
6) U506(17),U505(1 7}, 


U501(6),U508(19), 
U507(4),E501(2,15), 
RP501(2) 


i-8-E-47. To check the ROM Address, RD, WRT, and EN line signatures, do the following: 


a. Check the display to make sure display segments 0 thru 7 are on. This ensures the in- 
strument is running an SA routine. If the display segments are not on, perform the same 
setup that was explained for the ROM data bus signatures (paragraph 1-8-E-41). 


b. Set the signature analyzer as follows: 


Start = \_ (in) 
Stop = / (out) 
Clock = / (out) 
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¢. Connect the signature analyzer as follows: 


Start to J504 ST & 


Stop to JS04 SP 
Clock to TP 508 





Table 1-8-E-4. XRAM Address Bus, RD, WRT, and EN Signatures 
(SA1 Test) 










+5¥V Signature: 3825 


Mnemonic | Function | Check a 
AQ 


Addr Bit O U504(4) U047 U503(4),U502(4), 
U505(8),U506(8), 
U507(19),U501(5) 





Also Appears At 











Al Addr Bit? | US04(3) Z23P1 U503(3),U502(3), 
U505(7),U506(7), 
U507(16),U501(4) 

















Addr Bit 2 U504(2) iBHO U503(2),U502(2), 
U505/(6),U506(6), 


U507(15),U501(3) 










AS Addr Bit 3 U504(1) 560F U503(1),U502(1), 
U505(5),U506(5), 
| U507(12) 













Addr Bit 4 U504(21) A233 U503(21),U502(21), 
U505(4),U506(4), 


U507(9) 














Addr Bit 5 





U504(5) 341P U503(5),U502(5), 
U505(3),U506(3), 
U507(6) 











Addr Bit 6 U503(6),U502(6), 
U505(2),U506(2), 


| UB0O7(2) 











Addr Bit 7 U504(7)} U503(7),U502(7), 
U505(1),U506(1), 


U507(5) 







Read Line U504(18) OOO0OT U508(8),U501(26) 
U502(18),U503(18}, 


TP 508,RP501(11,12) 


















U504(20) 3825f U508(10),U501(27), 
U502(20),U503(20), 
RP501(9,10),5501(9) 


Write Line 










HEXR Enable Line U504(17)} 3825f U512(3),U503(17) 





f indicates that the probe tip should be flashing. 








1-8-E-16 


HP 3421A Service 


1-8-E-48. Port Expander Enable Line Signatures. Check these signatures if the signatures 

* in Table 1-8-E-4 were correct. The port expander enable line signatures are listed in Table 
1-8-E-5 and Table 1-8-E-5A. Use Table 1-8-E-5 if the motherboard part number 1s 03421-66501. 
Use Table 1-8-E-5A if the motherboard part number is 03421-66511. If the U510 signatures 
are correct, check the U512 port expander signatures (paragraph 1-8-E-49). If the signature 
at U510 pin 5 (or US510 pin 9 on early instruments) is bad, check the signature at U508 pin 
37. If U508 pin 37 has the wrong signature too, U508 is probably bad. If U510 pin 6 (or 
U510 pin 8 in early instruments) has the wrong signature, but U510 pin 5 (or US10 pin 9 
in early instruments) has the correct signature, replace U510. To check these signatures, do 
the following: 


a. Check the display to make sure display segments 0 thru 7 are on. This ensures the 
instrument is running an SA routine. If the display segments are not on, perform the same 
setup that was explained for the ROM data bus signatures (paragraph 1-8-E-41). 


b. Set the signature analyzer as follows: 


Start = \_ (in) 
Stop =_/ (out) 
Clock =_/ (out) 


c. Connect the signature analyzer as follows: 


Start to JS04 ST 
Stop to J504 SP 
Clock to J503 CLK C 





Table 1-8-E-5. Port Expander Enable Line Signatures 
(SA1 Test) For 03421-66501 Board 


+5V Signature: 1H44 


| Mnemonic | Function | Check At | Signature | Also Appears At 


Port U510(9) U508(37),U512(6),TP 501 
Expander 0 TP 501 


Enable 


Port U510(8) U511(6) 
Expander 1 
Enable 





Table 1-8-E-5A. Port Expander Enable Line Signatures 
(SA1 Test) For 03421-66511 Board 


+5V Signature: 1H44 


| Mnemonic | Function | Check At__| Signature | __Also Appoars A 


Port U508(37),U512(6),TP 501 
Expander 0 
Enable 


Port U510(6) U5117(6) 
Expander 1 
Enable 
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1-8-E-49. Port Expander 0 (U512) Signatures. Check these signatures if the port expander 
enable lines signatures were correct. There are two sets of signatures for U512, each using a 
different clock sense. Table 1-8-E-6 contains the output signatures for U5S12 and should be 
checked first. If these signatures are correct, there is no need to check the signatures in 
Table 1-8-E-7. For a more complete check of U512, proceed with the SA2 procedure. The 
remaining SAI] signatures are listed in Table 1-8-E-9 and are for the display. 


1-8-E-50. To check the U512 signatures, do the following: 


a. Check the display to make sure display segments 0 thru 7 are on. This ensures the 
instrument is running an SA routine. If the display segments are not on, perform the same 
setup that was explained for the ROM data bus signatures (paragraph 1-8-E-41). 


b. Set the signature analyzer as follows: 


Start = \ (in) 
Stop =_/ (out) 
Clock =_/ (it) 


c. Connect the signature analyzer as follows: 


Start to J504 ST 
Stop to JS04 SP 
Clock to J503 CLK C 


Table 1-8-E-6. Port Expander 0 (U512) Output Signatures 
(SA1 Test) 


+5V Signature: 1H44 
[Mnemonic | Function | Check At__| Signature | _—_—_—Also Appoars A 


HP-IL U512(2) U501(28),RP503(1) 
Chip 
Enable 






























ARAM 
Enable 


U512(3) U504(17),U503(17) 














Cal RAM 
Enable 


U512(4) O000 iGnd} U502(17) 


























U512(5) Q000 (Gnd) J500(12),J501(12), 


J502(12),RP503(3) 


Option 
Data Select 












A/D Conversion U512(13) 0000 (Gndj U513(9) 













A/D Conversion U512(14} O000 (Gnd) U513(11) 














A/D Conversion | U512(15) 0000 (Gnd) U513(14) 








A/D Conversion U512(16) 0000 (Gnd) U513(7) 










A/D Conversion U512(17) 0000 (Gnd) U513(5) 











A/D Conversion | U512(18) 0000 (Gnd) U513(3) 










Input Hybrid U512(20) 4576 


Configuration 


U102(26) 



















Used by 
Option Boards 





U512(21) 





1H44 (+5V) | J500(3),RP502(13) 
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1-8-E-5]. The input signatures to U5S12 are listed in Table 1-8-E-7 and 1-8-E-8. If these 

# signatures are all correct, but there was one or more incorrect signature from Table 1-8-E-6, 
replace U512. The signatures in Table 1-8-E-7 are obtained using the rising edge of clock, 
and the signatures in Table 1-8-E-8 using the falling edge of the clock. To check the signatures 
in Table 1-8-E-7, do the following: 


a. Check the display to make sure display segments 0 thru 7 are on. This ensures the 
instrument is running an SA routine. If the display segments are not on, perform the same 
setup that was explained for the ROM data bus signatures (paragraph 1-8-E-4]). 


b. Set the signature analyzer as follows: 


Start “\. (in) 
Stop _/f (out) 
Clock =_/ (out) 


c. Connect the signature analyzer as follows: 


Start to J504 ST 
Stop to J504 SP 
Clock to JS03 CLK C 


Table 1-8-E-7. Port Expander 0 (U512) input Signatures 
Using the Rising Clock Edge (SA1 Test) 


+5V Signature: 1H44 


[Mnemonic | Function | Check At_| Signature | ___Also Appears At 


Port U512(6) U508(37),U510(5)*,TP 501 
Expander 0 
Enable 








Port U512(7) U508(25),J503 CLK C, 
Expander U511(7) 

Direction 

Control 


Addr 11 U512(8) U508(24),U51 1718), 
U506(18),U505(18), TP 505 


Addr 10 U5712(9) U508(23),U511(8), 
U506(19),U505(19),TP 510 


Addr 9 U512(10) U508(22),U511(10), 
U506(22),U505(2) 


Addr 8 U512(11) U508(21),U511(11), 
U506(23),U505(23) 


* This signature does not appear at this location if the motherboard 
part number is 03421-66501. 
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[-8-E-52. [To check the signatures in Table 1-8-E-8, leave the setup the same as was outlined 
for the signatures in Table 1-8-E-7, except change the signature analyzer clock sense to the @ 
falling edge (Clock = \_ (in)). | 





Table 1-8-E-8. Port Expander 0 (U512) Input Signatures 
Using the Falling Clock Edge (SA1 Test) 


+5V Signature: 1H44 


__Funetion | check at_| Signature | __ Also Appears 


Port U512(6) U508(37),U510(5)*,TP 501 
Expander 0 
Enable 





Port U51217) U508(25),J503 CLK C, 
Expander U511(7) 

Direction 

Control 


Addr 11 U512(8) U508(24), U571(8), 
U506(18),U505(18), TP 505 


Addr 10 U512(9) U508(23),U511(8), 
U506(19),U505(19),TP 510 


Addr 9 U512(10) U508(22),U511(10), 
U506(22),U505(2) 


Addr 8 U5712(11) US508(21),U511(11), 
U506(23),U505(23) 


f indicates that the probe tip is flashing 





" This signature does not appear at this location if the motherboard part 
number is 03421-66501. 


1-8-E-53. Display Signatures. At power-on, all display segments should turn on for a brief 
period during self test. If that occurs, and display segments 0, 1, 2, 3, 4, 5, 6, and 7 turn 
on when the an SA routine Is running, then the display and the circuitry that drives the display 
IS Operating properly. 


1-8-E-54, The display signatures are listed in Table 1-8-E-9. If these signatures are all cor- 
rect and the display still does not operate properly, either the cable going to the display or 
the display itself is defective. If an incorrect display signature is found, suspect the device 
sourcing that signal. For example, if P501 pin 1 has the wrong signature, U508 is probably 
defective. 


1-8-E-55. To check the display signatures, do the following: 
a. Check the display to make sure display segments 0 thru 7 are on. This ensures that 
the instrument is running an SA routine. If the display segments are not on, perform the 


same setup that was explained for the ROM data bus signatures (paragraph 1-8-E-41). 


b. Set the signature analyzer as follows: 


Start = \ (in) 
Stop =_/ (out) 
Clock =_/ (out) 
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HP 3421A Service 


c. Connect the signature analyzer as follows: 


Start to JS04 ST 
Stop to J504 SP 
Clock to J503: CLERK © 


Table 1-8-E-9. Display Signature (SA1 Test) 


+5V Signature: 1H44 


pMowments | tron _| ttt _{_sinee _ Also Appears A 


Serial Data to P501(1) 6P1?2 U508(28),J500(10), 
Display J501(10),J502(10) 


Display Clock P501(2) oooOr U508(38),J500(11), 
J501(11),J502(11) 


Loads Display P501(3) O040* U511(20) 
Ground P501(5) O0000(Gnd) —- 


+5V P501(6) 1H44(+ 5V} 


f indicates the probe tip should be flashing 


* if this signature is incorrect, run SA2 to check U511 





|-8-E-56. This completes the SA1 Test. If you need to verify the operation of U501, US11, 
or further verify that U512 is operating properly, proceed with the SA2 Test. 


1-8-E-57. SA2 Test 
1-8-E-58. SA2 allows you to verify the signatures for the following circuitry: 

Port Expanders (U512,U511) 

HP-IL Chip (U501) 

Cal RAM (U502) 
1-8-E-59, You should check the SA2 signatures in the order given. It is important to under- 
stand that if Cal RAM (U502) is tested, the calibration constants will be altered, and will 
require an instrument re-calibration. Because of this, the setup to test Cal RAM is explained 
independent of the other SA2 test segments. If you want to test only Cal RAM, go directly 
to paragraph 1-8-E-64. 

NOTE 
The HP 3421A should be re-calibrated, after running the SA2 Test. 

1-8-E-60. To run the SA2 test (except for the Cal RAM portion), do the following: 


a. Make sure all segments of the rear panel switch (S501) are in the up position. 


b. Connect TP 509 (U508 pin 1) to ground. Early instruments do not have TP 509, in 
which case you should connect U508 pin | to ground. 


c. Make sure E501 is in place. 


1-8-E-2] 
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d. Set the signature analyzer as tollows: 


Start = \ (in) = 


Stop =_/ (out) 
Clock =_/ (out) 





e. Connect the signature analyzer as follows: 
Start to J504 ST 
Stop to J504 SP 
Clock to J503 CLK C 
f. Make sure that the instrument is disconnected from HP-IL. 
g. If the motherboard part number is 03421-66501, move switch segment 4 of switch S50] 


to the down position. If the motherboard part number is 03421-66511, move switch segment 
1 of SSO1 to the down position. 


h. Cycle power by pressing the front panel switch off and then on. 
1. If the motherboard part number is 03421-66501, move switch segment 4 of switch $501 
to the up position. If the motherboard part number is 03421-66511, move switch segment 


1 of S501 to the up position. 


j. Move switch segment 6 of switch $501 to the down position. 





k. Assuming that the display is operating properly, display segments 0, |, 2, 3, 4, §, 6, 
and 7 should be on. This ensures the instrument is running an SA routine. If these display 
segments are not on, repeat this setup. If these display segments still do not turn on after 
repeating the setup, there may be a problem with the display, display connector, or the 
circultry that drives the display. See paragraph 1-8-E-53. 


|. Check the +5V signature which should be U9FF. If it is wrong, perform steps a through 
k again. 
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1-8-E-61. Port Expander (U511,U512) Signatures. After completing the setup you are ready 

+ to check the signatures for port expander 0 (U512) and port expander 1 (U511). Check the 
ouputs listed in Table 1-8-E-10 and 1-8-E-11 first. If the outputs are correct, there is no need 
to check the inputs. 


Table 1-8-E-10. Port Expander 0 (U512) Output Signatures 
(SA2 Test) 


+5¥V Signature: USFF 











chock At _| Signature | Also Appears At 


U512(2) U501(28),RP503/(1) 











HP-IL 
Chip 
Enable 











XRAM 
Enable 


U512(3) U503(17),U504(17) 











Cal RAM U502(17) 


Enable 


U512(4) 










U512(5) J500(12),J501(12), 


J502(12),RP503(3) 





Option Card Data 





Used By A/D Section 512113) U513(9) 












U512(14) U513(11) 





Used By A/D Section 












Used By A/D Section U5712(15) U513(14) 






U513(7) 





U512(16) 





Used By A/D Section 







Used By A/D Section U513(5) 





U5S1207 7) 








U513(3) 





U512(18) 





Used By A/D Section 










U512(19) 





Configururation Line U102(24) 


For input Hybrid 












U512(20) 





Configuration Line W102(26) 


For Input Hybrid 





U512(21) J500(3),RP502( 1 3) 





Used By Option Card 









U512(22) U7O00(2) 





Low Battery Detect 






U512(23 RP502(9) 





Signature Analysis Test 
Test 2 





* Switch segment 6 of $501 must be in the up position to obtain this signature. If 
it is down, the signature should be OOOO. 
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Tabie 1-8-E-11. Port Expander 1 (U511) Output Signatures 
(SA2 Test) 


+ 5V Signature: USFF 


| Mnemonic | Function | Chack At_| Signature | Aloo Appears A 


Used By Option Cards 
Used By Option Cards 
Used By Option Cards 
Used By Option Cards 
Used By Option Cards 
Used By Option Cards 
Used By Option Cards 
Used By Option Cards 


Used By Option Cards 


Used By Option Cards 
Used By Option Cards 
Used By Option Cards 
Loads Display 

Used By Option Cards 


Used By Option Cards 


Used By Option Cards 


U517(1) 
US511(2) 
U511(3) 
U511(4) 
U571(5) 
U511(13) 
U5117(14) 
U511(15) 


U51711(16) 


U511(17) 
U511(18) 
U511(19) 
U511(20) 
U511(21) 
U511(22) 


U511(23) 


J501(3),RP502(3) 
J500(4) 

J501(4) 

J502(4) 
J500(2),RP502(1 2) 
J501(9),RP503(9) 
J502(8),RP503(13) 
J502(9),RP503(12) 


J500(1),J501(1), 
J502(1),RP503(2) 


J501(8),RP503(8) 
J500(9),RP503(11) 
J500(8),RP503(10) 
P501(3),RP503(4) 
J502(2),RP502(2) 


J502(3).RP502(1) 





J501(2),RP502(10) 


1-8-E-62. If all of the port expander output signatures were correct in Tables 1-8-E-10 and 
|-8-E-11, there is no need to check the port expander input signatures. Instead, refer to 
paragraph 1-8-E-63 and check the HP-IL loop. The port expander input signatures are listed 
in Tables 1-8-E-12 and 1-8-E-13. To check these signatures, do the following: 


a. Perform the same setup that was outlined at the beginning of the SA2 Test, except change 
the signature analyzer clock sense to Clock = \_ (in). 


1-8-E-24 
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Table 1-8-E-12. Port Expander 0 (U512) input Signatures 


ea (SA2 Test 


+5V Signature: USFF 


eo Also Appears At 


Port U508(37), U510(5)*, 
Expander 0 TP 501 
Enable 





Port U512(7) U508(25),U511(7) 
Expander J503 CLK C 
Direction 

Control 


Addr 11 U512(8) U508(24),U506(18), 
U505(18),U571(8), 
TP 505 


Addr 10 U5 12(9) U508(23),U506(19), 
U505(19),U511(9), 
TP 510 


U512(10) U508(22),U506(22), 
U505(22),U511(10) 


U512(17) U508(21),U506(23), 
U505(23),U511(11) 


f indicates that the probe tip should be flashing 


* This signature does not appear at this location if the motherboard part 
number is 03421-66501. 








Table 1-8-E-13. Port Expander 1 (U511) Input Signatures 
(SA2 Test) 


+5V Signature: USFF 


| Mnemonic | Function | Check At_| Signature | Also Appears At 


Port U511(6) U510(6)* 
Expander 1 
Enable 


Port U51T(7) U508(25),U51217) 
Expander J503 CLK C 
Direction 

Control 


Addr 11 U511(8) U508(24),U506(18). 
U505(18),U512(8), 
TP 505 


Addr 10 U511(9) U508(23),U506(19), 
U505(19),U512(9), 
TP 510 


U511(10} U508(22),U506(22), 
U505(22),U512(10) 


U5117(11) U508(21),U506(23), 
U505(23),U512(11) 


f indicates that the probe tip should be flashing 


* This signature does not appear at this location if the motherboard part 
number is 03421-66501. 
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[-8-E-63. HP-IL Loop. Perform this portion of the SA2 Test if you are have having 1/O 
problems. To run this portion of the test, do the following: © 





a. Make sure all segments of the rear panel switch (S501) are in the up position. 
b. Connect an HP-IL cable between the rear panel HP-IL input and output connectors. 


ec. Connect TP509 (U508 pin 1) to ground. Early instruments do not have TP509, in which 
case you should connect U508 pin 1 to ground. 


d. Make sure E501 1s in place. 

e. Press the front panel switch on. 

f. Set the signature analyzer as follows: 
Start = es (in) 
Stop =_/ (out) 
Clock = \_ (in) 

g. Connect the signature analyzer as follows: 
Start to J504 ST 


Stop to J504 SP 
Clock to JSO3 CLK A 





h. if the motherboard part number ts 03421-66501, move switch segment 4 of S501 to 
the down position. If the motherboard part number is 03421-66511, move switch segment 
1 of S501 to the down position. 


1. Cycle power by pressing the front panel switch off and then on. 


j. If the motherboard part number is 03421-66501, move swith segment 4 of S501 back 
to the up position. If the motherboard part number is 03421-66511, move switch segment 
1 of S501 back to the up postion. 


k. Move switch segment 6 of S501 to the down position. 


|. Check the +5V signature. If it is F2AHA, then the HP-IL loop circuitry is operating 
properly. If the +5V signature is wrong, first make sure the HP-IL cable is connected 
between the rear panel HP-IL input and output connectors. If the cable is connected proper- 
ly, the problem could be US01, the HP-IL transformer, or some component associated with 
the HP-IL input or output. To isolate the problem, perform the following steps: 


1. Set a dual trace oscilloscope to 5 yws/div, 2V/div vertical gain and check U501 pin 
17 and U501 pin 18 for the waveforms shown in Figure 1-8-E-11A or Figure 1-8-E-11B. 
Use Figure 1-8-E-11A if the motherboard part number is 03421-66501. Use Figure 
1-8-E-11B if the motherboard part number is 03421-66511. To obtain the wavforms 
shown, channel B of the oscilloscope must be inverted. Also reference the oscilloscope 

probes to instrument ground. If the waveforms are correct but you are having an I/O & 
problem, U501 is probably defective. If the waveforms are wrong or non-existent, pro- 

ceed with step 2. 
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5us/DIV SWEEP TIME 
2V/DIV GAIN 


W501 PIN 1/ 


U501 PIN 16 


Figure 1-8-E-11A. Waveforms at U501 (17,18) for 03421-66501 
Motherboard (SA2 Test) 
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Figure 1-8-E-11B. Waveforms at U501(17,18) for 03421-66511 
Motherboard (SA2 Test) 





2. Check U501 pin 19 and U501 pin 20 for the waveforms shown in Figure 1-8-E-12A 
or Figure 1-8-E-12B. Use Figure 1-8-E-12A if the motherboard part number is 
03421-66501. Use Figure 1-8-E-12B if the motherboard part number is 03421-66511. 
If the waveforms are incorrect or non-existent, the problem could be U501 or T501. 
In early instruments (03421-66501 motherboard) this circuitry was configured differently 
(see schematic in Section VII). If the waveforms are correct, suspect a problem with 
either the HP-IL cable or T501. Use an ohmmeter and check continuity of the cable 
and the primary and secondary windings of T501 (early instruments also had a T502; 
see schematic in Section VII). On the loop side of the transformers, check continuity 
of T501 between J505 pins 3 and 4, and between J505 pins 1 and 2. Check continuity 
on the other side of the transformer between US0O1 pin 19 and 20 and between the emit- 
ters of Q505 and Q506. 
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5us/DIV SWEEP TIME 
2V/DIV GAIN 





U501 PIN 19 


U501 PIN 20 





Figure 1-8-E-12A. Waveforms at U501 pins 19 and 20 for 03421-66501 
Motherboard (SA2 Test) 


5us/DIV SWEEP TIME 
2V/DIV GAIN 


U501 PIN 13 





U501 PIN 20 





Figure 1-8-E-12B. Waveforms at U501 pin 19 and 20 for 03421-66511 
Motherboard (SA2 Test) 


3. If the continuity checks are all OK, and there still is not a waveform at U501 pins 
17 and 18, check CR501, CR502, R503, R504, Q503, and Q504. In early instruments, 
there are some additional components associated with the HP-IL circuitry which could 
be failing (see schematic in Section VII). If all of the HP-IL components are OK, replace 
US501. 
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1-8-E-64, Calibration RAM (U502) Signatures. If you run this portion of the SA2 Test, all 

# calibration constants will be cleared, and the instrument must be re-calibrated. Therefore, 
do not run this portion of the SA2 Test unless you suspect a Cal RAM failure. Cal RAM 
failures are usually detected during self test. However, there is a possibility that a Cal RAM 
failure will not be detected during self test. A Cal RAM failure symptom that might not 
be detected during self test is erroneous readings that occur after the instrument has been 
calibrated for a particular function and/or range. To check the Cal RAM signatures, do 
the following: 


NOTE 
The HP 3421A should be re-calibrated, after running the SA2 Test. 


a. Perform the same setup that was outlined at the beginning of the SA2 Test, except connect 
the clock to TP 508. Make sure the clock sense is Clock = (out). 


NOTE 


When you perform step b, the Cal RAM contents will be cleared 
and the instrument must be re-calibrated. 


b. Move switch segment 8 of S501 to the down position. 


c. Make sure the HP-IL cable is not connected to I/O connectors on the rear panel. 





d. Check the Cal RAM signatures listed in Table 1-8-E-14. 


Table 1-8-E-14. Cal RAM (U502) Signatures 
(SA2 Test) 


+5V Signature: 8C2F 
[Mnemonic | Function | Check At___| Signature | __Also Appears A 


DO Data Bit O U502(9,10) U508(12),U507(18), 
D1 Data Bit 1 
D2 Data Bit 2 
D3 Data Bit 3 


E501(3,14),U506(9), 
1-8-E-65. Freerun Test 



















U505(9),U504(9,10), 
U501(14) 











U508(13),U507(17), 
E501(4,13),U506(10}, 
U505(10),U504(11,12). 
U501(13) 


U502(11,12) 











U508(14),U507(14), 
E501(7,10),U506(11). 
U505(11),U504(13,14), 
U501(12) 


W502(13,14) 










U508(15),U507(13), 
E501(8,9),U506(13), 
U505(13),U504(15, 16), 
U501(11) 


U502(75,16) 
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1-8-E-66. [he Freerun Test is recommended to isolate defective components that cause data 

bus information to be incorrect. Eight sets of data bus signatures must be checked to © 
completely verify that the data bus information is correct. The various signature sets are 

selected by connecting TP 502, TP 503, and TP 505 to either ground or + 5V. The configura- 

tion for each of the eight signature sets is explained in the procedures. 


|-8-E-67. Check the signatures in the order given, starting with the eight sets of data bus 
signatures. Signature sets 0, 1, 2, and 3 verify that US06 is providing good data. Signature 
sets 4, 5, 6, and 7 verify that U505 is providing good data. If all of the data bus signature 
sets check OK, there is no need to proceed further with the Freerun Test. If any signature 
is incorrect, proceed with the checks as directed and verify the address and enable lines 
signatures. 


1-8-E-68. Signature Set 0. Refer to the flowchart of Figure 1-8-E-13 and do the following: 
a. Press the HP 3421A front panel switch off. 
b. Remove bus break E501. 
c. Set the signature analyzer as follows: 
Start = \ (in) 
Stop = \ (in) 
Clock =_/ (out) 


d. Connect the signature analyzer as follows: 





Start to TP 510 (early instruments do not have TP 510, in which case you should 
use U506 pin 19) 

stop to TP 510 

Clock to TP 506 


e. Connect TP 502, TP 503, and TP 505 to ground. 
i. Press the HP 3421A front panel switch on. 


g. Refer to Table 1-8-E-15 and check signature set 0. If any signature is incorrect, pro- 
ceed to paragraph 1-8-E-76. 


1-8-E-69. Signature Set 1. Refer to the flowchart of Figure 1-8-E-13 and do the following: 


a. Use the same setup that was used for signature set 0, except configure the three test 
points as follows: 


TP 503 to ground 
TP 502 to ground 
TP 505 to +5V 


b. Check the signatures listed in Table 1-8-E-16. If any signature is incorrect, proceed with 
paragraph 1-8-E-76. 
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Table 1-8-E-15. Data Bus Signature Set 0 


* (Freerun Test) 


TP 503, TP 502, and TP 505 all grounded. 


+5V Signature: 7A70 


Function Check At Also Appears At 








Data Bit O 


Data Bit 1 


Data Bit 2 


Data Bit 3 


Data Bit 4 


Data Bit 5 


Data Bit 6 


Data Bit 7 


U506(9) 


U506(10) 


U506(11) 


U506(13) 


U506(14) 


U506(15) 


U506(16) 


U506(17) 


U505(9),U504(9,10), 
U502(9,10),U507(14) 


U505(10),U504(11,12), 
U502(11,12),U501(13) 


U505(11),U504(13, 14), 
U502(13,14),0501(12) 


U505(13),U504(15,16), 
U502(15,16),U501(11) 


U505(14),U503(9, 10), 
U501(9) 


U505(15),U503(11,12), 
U501(8) 


U505(16),U503(13,14), 
U501(7) 


U505(17),U503(15,16), 


U501(6) 





Table 1-8-E-16. Data Bus Signature Set 1 


(Freerun Test) 


TP 503 and TP 502 grounded 


TP 505 to +5¥V 


+5V Signature: 7A/0 


tomes | fein _| the t_{ ren Also Appears A 


Data Bit O 


Data Bit 1 


Bit 2 


Bit 3 


Bit 4 


a Bit 5 


U506(9) 


U506(10) 


U506(11) 


U506(13) 


U506(14) 


U506(15) 


U506(16) 


U506(17) 


U505(9),U504(9, 10), 
U502(9,10),U501(14) 


U505(10),U504(11,12), 


U502(11,12),U501(13) 


U505(11),U504(13, 14), 


U502(13,14),U501(12) 


U505(13),U504(15,16), 
U502(15,16),U501(11) 


U505(14),U503(9,10), 
U501(9) 


U505(15),U503(11,12). 


U501(8) 


505(16),U503(13,14), 


U501(7) 


U505(17),U503(15, 16), 


U501(6) 
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1-8-E-70. Signature Set 2. Refer to the flowchart of Figure 1-8-E-13 and do the following: 





a. Use the same setup that was used for signature set 0, except configure the three test 
points as follows: 


TP 503 to ground 
TP 502 to +5V 
TP 505 to ground 


6. Check the signatures listed in Table 1-8-E-17. If any signature is incorrect, proceed with 
paragraph 1-8-E-76. 


Table 1-8-E-17. Data Bus Signature Set 2 
(Freerun Test) 
TP 503 to ground 


TP 502 to +5V 
TP 505 to ground 


+5V Signature; 7A/0 


|_Mnemonic | Function | chock at _| signature | Also Appears A 


Data BitO | U506(9) U505(9),U504(9,10), 
U502(9,10),U501(14) 


Data Bit 1 U506(10) U505(10),U504(11,12}, 
U502(11,12),U501(13) 


Data Bit 2 U506(11) U505(11),U504(13, 14), 
U502(13,14),U501(12) 





Data Bit 3 U506(13) U505(13),U504(15,16), 
U502(15,16),U501(11) 


Data Bit 4 U506(14) U505(14),U503(9, 10), 
U501(9)} 


Data Bit 5 U506(15) U505(715),U503(11,12), 
U501(8) 


Data Bit 6 U506(16) U505(16),U503(13,14), 
U501(7) 


Data Bit 7 U506(17) U505(1 7),U503(15, 16), 
U501(6) 
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1-8-E-71. Signature Set 3. Refer to the flowchart of Figure 1-8-E-13 and do the following: 


* a. Use the same setup that was used for signature set 0, except configure the three test 
points as follows: 


TP 503 to ground 
TP 502 to +S5V 
TP 505 to +5V 


b. Check the signatures listed in Table 1-8-E-18. If any signature is incorrect, proceed with 
paragraph 1-8-E-76. 


Table 1-8-E-18. Data Bus Signature Set 3 
(Freerun Test) 
TP 503 to ground 


TP 502 to +5V 
TP 505 to +5¥V 


+5V Signature: 7A70 


[twee | _feet»_| coe ts_{ toner | ___e Avr t_ 


Data Bit O U506(9) U505(9),U504(9,10}, 
U502(9, 10),U501(14) 





Data Bit 1 US506(10) U505(10),U504(11,12), 
U502(11,12),U501(13) 


Data Bit 2. | U506(11) | U505(11),U504(13,14), 
U502(13,14),U501(12) 





Data Bit 3 U506(73) U505(13),U504(15,16), 
U502(15,16),U501(11) 


Data Bit 4 U506(14) U505(14),U503/9,10), 
U501(9) 


Data Bit 5 | U506(15) U505(15),U503(11,12), 
U501(8) 


Data Bit 6 U506/(16) U505(16),U503(13,174), 
U501(7) 


Data Bit 7 U506(17) U505(77),U503(15, 76}, 
U501(6) 
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1-8-E-72. Signature Set 4. Refer to the flowchart of Figure 1-8-E-13 and do the following: 





a. Use the same setup that was used for signature set 0, except configure the three test * 
points as follows: 


TP 503 to +5V 
TP 502 to ground 
TP 505 to ground 


b. Check the signatures listed in Table 1-8-E-19. If any signature is incorrect, proceed with 
paragraph 1-8-E-76. 


Table 1-8-E-19. Data Bus Signature Set 4 
(Freerun Test) 


TP 503 to +5V 
TP 502 to ground 
TP 505 to ground 


+5V Signature: 7A70 


| Hert | fee Check A 


Data BitO | U505(9) U506(9),U504(9,10), 
U502(9,10),U501(14) 


Data Bit 1 U505(10) U506(10),U504(11,12), 
U502(11,12),0501(13) 


Data Bit 2 U505(11) U506(11),U504(13,14), 
U502(13,14),U501(12) 





Data Bit 3 | U505(13) U506(13),U504(15,16), 
U502(15,16),U501(11) 


Data Bit 4 U505(14) U506(14),U503(9,10), 
U501(39) 


Data Bit 5 | U505(15) U506(15),U503(11,12}, 
U5017(8) 


Data Bit 6 U505(16) U506(16),U503/(13, 14), 
U501(7) 


Data Bit 7 U505(17) U506(17),U503(15,16), 
U501(6) 
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1-8-E-73. Signature Set 5. Refer to the flowchart of Figure 1-8-E-13 and do the following: 


a. Use the same setup that was used for signature set 0, except configure the three test 
points as follows: 


TP 503 -to +5¥ 
TP 502 to ground 
TP 505 to +5V 


b. Check the signatures listed in Table 1-8-E-20. If any signature is Incorrect, proceed with 
paragraph 1-8-E-76. 


Table 1-8-E-20 Data Bus Signature Set 5 
(Freerun Test) 
TP 503 to +5V 


TP 502 to ground 
TP 505 to +5V 


+ 5V Signature: 7A70 


Also Appears At 


Data Bit O U505(9) U506(9),U504(9,10)}, 
U502(9,10),U501(14) 


Data Bit 1 U505(10) U506(10),U504(11,12), 
U502(11,12),U501(13) 


Data Bit 2 U505(11) UJ506(11),U504(13,174). 
W502(13,14),U501(12) 





Data Bit 3 U505(13) U506(13),U504(15,16), 
U502(15,16),U501(11) 


Data Bit 4 U505(14) U506(14),U503(9,10), 
U501(9) 


Data Bit 5 U505{15) U506(15),U503(117, 72). 
U501(8) 


Data Bit 6 U505(16) U506(16),U503(13,14), 
U501(7) 


Data Bit 7 U505(17) U506(17),U503(15, 16), 
U501(6) 
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i-8-E-74. Signature Set 6. Refer to the flowchart of Figure 1-8-E-13 and do the following: 


a. Use the same setup that was used for signature set 0, except configure the three test 
points as follows: 


TP 503 to +5V 
TP $02 to +5V 
TP 505 to ground 


b. Check the signatures listed in Table 1-8-E-21. If any signature is incorrect, proceed with 
paragraph 1-8-E-76. 


Table 1-8-E-21. Data Bus Signature Set 6 
(Freerun Test) 
TP 503 to +5V 


TP 502 to +5V 
TP 505 to ground 


+ 5V Signature: 7A70 


| Mnemonic | Function | Check a Also Appears At 
DO 


Data Bit O U505(9) U506(9),U504(9,10), 
U502(9,10),U501(14) 








D1 Data Bit 1 U505(10) U506(10),U504(11,12), 
U502(11,12),U501(13) 


D2 Data Bit 2 U505(11) U506(11),U504(13,14), 
U502(13,14),U501(12) 


D3 Data Bit 3 U505(13) U506(13),U504(15,16), 
U502(15,16),U501(11) 


D4 Data Bit 4 U505(14) U506(14),U503(9, 10), 


U501(9) 


D5 Data Bit 5 U505(15) U506(15),U503(11,12}, 
U501(8) 


D6 Data Bit 6 U505(16) U506(16),U503(13, 14), 
U501(7) 


D7 Data Bit 7 W505{17) U506(17),U503(15, 16), 
U501(6) 
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1-8-E-75. Signature Set 7. Refer to the flowchart of Figure 1-8-E-13 and do the following: 


a. Use the same setup that was used for signature set 0, except configure the three test 
points as follows: 


TP 503 to +5V 
TP 502 to +5V 
TP 505 to +5V 


b. Check the signatures listed in Table 1-8-E-22. If any signature is incorrect, proceed with 
paragraph 1-8-E-76. 


Table 1-8-E-22. Data Bus Signature Set / 
(Freerun Test) 
TP 503 to +5V 


TP 502 to +5V 
TP 505 to +5V 


+5V Signature: 7A/0 


L_ mers | rome} sens 1 Sees Also Appears A 


Data BitOQ | U505(9) U506(9),U504(9,10), 
U502(9,10),U501(14) 





D1 Bit 1 U505(10) U506(10),U504/11,12), 
U502(11,12),U501(13) 


D2 Bit 2 U505(11) U506(11),U504(13,14), 
U502(13,14),U501/(12) 





D3 it U505(13) U506(13),U504(15,16), 
U502(15,16),U501(717) 


D4 | U505(14) U506(14),U503(9, 10), 
U501(9) 


D5 U505(15) U506(15),U503(11,12), 
U501(8) 


D6 I U505(16) U506(16),U503(13,14), 
U501(7) 


Di? | U505(17) U506(17),U503(15,16), 
U501(6) 
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1-8-E-76. CPU Address/ Data Bus Signatures. Check these signatures if a bad signature was 

found in any of the eight data bus signature sets. Although these lines are labeled as DO-D7, ip 
the signatures will actually be address signatures since the bus break has been removed. If 

an incorrect CPU signature is found, replace U508. If these CPU signatures are correct, proceed 

to paragraph 1-8-E-78. 


1-8-E-77. Refer to the flowchart of Figure 1-8-E-13 and do the following: 
a. Make sure bus break ESO1 is removed. 


b. Set the signature analyzer as follows: 


Start = \— (in) 
Stop = \_ (in) 
Clock -="\__ (in) 


<«. Connect the signature analyzer as follows: 


Start ta ‘TP-510 (early instruments do not have TP 510, in which case you 
should use U506 pin 19) 

Stop to TP 510 

Clock to J503 Clik A 


d. Connect TP 502, TP 503, and TP 505 to ground. 





e. Refer to Table 1-8-E-23 and check the DO-D7 CPU signatures. If any signature is in- 
correct, replace U508. If all signatures are correct, proceed with paragraph 1-8-E-78. 


Table 1-8-E-23. CPU DO-D7 Signatures 
(Freerun Test) 





TP 503, TP 502, and TP 505 all grounded 


+ 5V Signature: 7A70O 


| Mnemonic _| Function | check at Also Appears At 


Addr Bit 0 
Addr Bit 1 
Addr Bit 2 
Addr Bit 3 
Addr Bit 4 
Addr Bit 5 
Addr Bit 6 


Addr Bit 7 


U508(12) 
U508(13) 
U508(14) 
U508(15) 
U508(16) 
U508(17) 
U508(18) 


U508(19) 


U507(18),RP501(3) 
U507(17),RP501(4) 
U507(14),RP501(7) 
U507(13),RP501(8) 
U507(8),RP501(6) 
U507(7),RP501(5) 


U507(3),RP501(1) 





U507(4),RP501(2) 


I-8-E-78. Remaining CPU Address Signatures. These signatures consist of A8 through Al2, 
and PT25. If A8, A9, or A10 has the wrong signature, U508 is probably bad. If Al 1, Al2, 
or Al3 has the wrong signature, your setup is wrong. If all the signatures are correct, 
proceed to paragraph 1-8-E-80. 
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1-8-E-79. Refer to the flowchart of Figure 1-8-E-13 and do the following: 
2 a. Make sure bus break ESO! is removed. 


b. Set the signature analyzer as follows: 


Start = \_ (in) 
Stop = \_ (in) 
Clock = \_ (in) 


¢«. Connect the signature analyzer as follows: 


Start to TP 510 (early instruments do not have TP 510, in which case you should 
use U506 pin 19) 

Stop to TP 510 

Clock to TP 506 


d. Connect TP 502, TP 503, and TP 505 to ground. 


e. Refer to Table 1-8-E-24 and check the CPU signatures for Al-8-A1l2 and PT25. If any 
signature is incorrect, U508 is probably bad. If all signatures are correct, proceed with 
paragraph 1-8-E-80. 


Table 1-8-E-24. CPU Upper Address Signatures 
(Freerun Test) 


+5V Signature: 7A/0 
Mnemonic | function | Check At_| Signature | Also Appears A 


U508(21) 
















Adar Bit 8 U506(23),U505(23), 


US32(11),U511(11) 











Addr Bit 9 | U508(22) U506(22),U505(22), 


U512(10),U511(11) 











Addr Bit 10 U506(23) U506(19),U505(19), 
U512(9),U511(9), 


TP 510 











Addr Bit 11 U508(24) | OOOO(GND) | U506(18),U505(18), 


U512(8),U511(8), 
TP 505 
















| Addr Bit 12 | U508{35) | OOOO(GND) 





U506(21),U505(21), 
TP 502 















P/O ROM 
Enable 


OOO00(GND) 





U508(36) U509(4,5,12),TP 503 





1-8-E-80. Address Latch Signatures. Check these signatures if the CPU address signatures 
(lines labeled DO-D7 with the bus break removed) were correct. If any signature Is incorrect, 
U507 is probably bad, although it could be any device that shares the address line with the 
incorrect signature. If all signatures are correct, but there was one or more incorrect ROM 
data bus signatures, either ROM US505 or U506 is bad, or there is a problem with the ROM 
enable circuitry (U509 or U508). 
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1-8-E-81. Refer to the flowchart of Figure 1-8-E-13 and do the following: 





a. Make sure bus break ESOI is removed. 
b. Set the signature analyzer as follows: 


Start = \. {ind 
Stop = \. (in) 
Clock = \_ (in) 


ce. Connect the signature analyzer as follows: 


Start to TP 510 = (early instruments do not have TP 510, in which case you should 
use U506 pin 19) 

Stop-to TP 510 

Clock to TP 506 


d. Connect TP 502, TP 503, and TP 505 to ground. 


e. Refer to Table 1-8-E-25 and check the address signatures at the output of the U507 
address latch. If all signatures are correct, but there was a bad data bus signature, U505 
or U506 is probably bad. If any signature is incorrect, suspect U507, although it could be 
any device sharing that bus line. 


Table 1-8-E-25. Address Bus Signatures 
(Freerun Test) 





+ 5V Signature: 7A70 


| Function | check at_| Signature | Also Appears at | 


Addr BitQ | U507(19) U506(8),U505(8), 
U504(4),U503(4), 
U502(4),U501(5) 


Addr Bit U507(716) U506(7),U505(7), 
U504(3),U503(3), 
U502(3),U501(4) 


Addr Bit 2 | U507(15) U506(6),U505(6), 
U504(2),U503(2), 
U502(2),U501(3) 


Addr Bit U507(12) U506(5),U505(5), 
U504(1),U503(1), 
U502(2) 


Addr Bit U507(9) U506(4),U505(4), 
US04(21),U503(21), 
U502(21) 


Addr Bit U507(6) U506(3),U505/(3), 
U504(5),U503(5), 
U502(5) 


Addr Bit U507(2) U506(2),U505(2), 
U504(6),U503(6), 
U502(6) 


Addr Bit U507(5) U506(1),U505(1), 
U504(7),U503(7), 
U502(7) 
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1-8-E-81. Refer to the flowchart of Figure 1-8-E-13 and do the following: 


c. 


Make sure bus break E501 is removed. 


. Set the signature analyzer as follows: 


Start = \— (in) 
Stop “\. (in) 
Clock “\. (in) 


. Connect the signature analyzer as follows: 


Start to TP 510 (early instruments do not have TP 510, in which case you should 
use U506 pin 19) 

Stop to TP 510 

Clock to TP 506 


Connect TP 502, TP 503, and TP 505 to ground. 


Refer to Table 1-8-E-25 and check the address signatures at the output of the U507 


address latch. If all signatures are correct, but there was a bad data bus signature, US05 
or U506 is probably bad. If any signature is incorrect, suspect U507, although it could be 
any device sharing that bus line. 
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Table 1-8-E-25. Address Bus Signatures 
(Freerun Test) 


+ 5V Signature: 7A70 
Mnemonic | Funetion | Check at_| Signature | Also Appears A 


U507(19) U506(8),U505(8), 
U504(4),U503(4), 
U502(4),U501(5) 

















Addr Bit O 













U506(7),U505(7), 
U504(3),U503(3), 
U502(3),U501(4)} 


Addr Bit 1 U507(76) 










Addr Bit 2 U507(75) U506(6),U505(6), 
U504(2),U503(2), 


U502(2),U501(3) 














Addr Bit 3 U507(12) U506(5),U505/5), 
U504(1),U5031/ 1), 


U502(2) 











Addr Bit 4 





U507(9) U506(4),U505(4), 
U504(21),U503(2 1), 


U502(21) 













Addr Bit 5 U507(6) U506(3),U505(3), 
U504(5),U503(5), 


U502(5) 














Addr Bit 6 UB507 (2) U506(2),U505(2), 
U504(6),U503(6), 


U502(6) 










Addr Bit 7 U506(1),U505(1), 
U504(7),U503(7), 


U502(7) 





U507(5) 





















HP 3421A Service 


1-8-E-82. ROM Enable Circuitry Signatures. [hese signatures should be checked if there 
were incorrect data bus signatures, but all other signatures 1n the Freerun Test were correct. 
To completely verify proper operation of this circuitry, two different setups are required. 


1-8-E-83. Refer to the flowchart in Figure 1-8-E-13 and do the following: 
a. Make sure bus break E501 is removed. 


b. Set the signature analyzer as follows: 


Start = \ — (in) 
Stop = \ (in) 
Clock = \_ (in) 


c. Connect the signature analyzer as follows: 


Start to TP 510 (early instruments do not have TP 510, in which case you should 
use U506 pin 19) 

Stop to TP 510 

Clock to TP 506 


d. Connect TP 502, TP 503, and TP 505 to ground. With this setup, U506 1s outputting data. 


e. Check the signatures in Table 1-8-E-26. If they are correct, proceed to paragraph 1-8-E-84 
and check the same circuit nodes with the modified setup. If either signature is incorrect, 
make sure TP 503 (U508 pin 26) is grounded and that TP 506 (U508 pin 9) is making transi- 
tions. If TP 503 and TP 506 are OK, then replace U509. If they are not OK, replace U508. 


Table 1-8-E-26. ROM Enable Signatures 
(Freerun Test) 


TP 502, TP503 and TP 505 Grounded 









+5¥V Signature: 7A/0 


| Mnemonic | Function | Check At_| Signature | Also Appears A 


LEROMO ROM 0 Enable | U509(3) TATOFT U506(20) 
LEROM1 ROM 1 Enable | U509(11) | 7A70(+5¥) U505(20) 


f indicates that the probe tip should be flashing 








1-8-E-84. For the second set of signatures for U509, perform the same setup thal was ex- 
plained for the signatures in Table 1-8-E-26, except connect TP 503 to +5V. With this setup, 
U505 is outputting data. Refer to Table 1-8-E-27 for the signatures. 


Table 1-8-E-27. ROM Enable Signatures 
(Freerun Test) 






TP 502? and TP 505 Grounded: TP 503 to +5V 







+5V Signature: 7A70 


| Mnemonic | Function | Chock at_| Signature | Also Appears At_ 


LEROMO ROM O Enable | U509(3) 7A70(+ 5V) U506(20) 
LEROM1 ROM 1 Enable | U509(11) | 7A/Of U5O05(20) 


f indicates that the probe tip should be flashing 










|-8-E-41/1-8-E-42 


FREERUN TEST PASSED 


ROM OK 









REPLACE U508 





YES 


WO 





oT ART 


PRESS FRONT PANEL 
SWITCH “OFF 


REMOVE E501 BUS 
BREAK 


CONNECT SIGNATURE 
ANALYZER START AND 
STOP TO TP510 
(U505(19)); CLOCK TO 
J503 CLOCK A 


SET SIG. ANALYZER: 


START = “L 
STOP = ss 
CLOCK = “L 


GROUND TP502, TP503, 
AND TPS05 


| PRESS FRONT PANEL 


OWITCH "ON" 


CHECK ROM DATA BUS 
SIGNATURES 
SEE NOTE 1 





NO 


CHECK DO-D7 AT U508 


uP 





YES 


CHECK AB-Al2 AND 
PT25 AT USO8 pP 


CHECK AOQ-A? AT U507 


ADDRESS LATCH 








YES 


CHECK ROM ENABLE 
LINES (U509) 


() 


YES 


CHECK U509 INPUTS 


o 


YES 


REPLACE U508 


= 
—t 


Nt 


he 


Mi 


AB-A 
BAL 


CHECK. $ 


REPLAC! 


WHIC 
SIGNAT 


FAILE 
? 


REPLACE 


REPLACE 


HECK AB-A1l2 AND 
[25 AT US06 pP | 


Pais 
ORK ? 
YES 
4ECK AO-A? AT USO? 
IDRESS LATCH 
Le 
OK. ? 
YES 
HECK ROM ENABLE 
NES (W509) 
Py 
OK ? 
YES 
CHECK U509 INPUTS 
Mia 
OK ? 
YES 


REPLACE U508 





CHECK SETUP 
i REPLACE U50? 





WHICH 
SIGNATURE 
SET 


FAILED 
? 


REPLACE U506 


5 REPLACE U509 


P REPLACE U508 


REPLACE U506 


NOTE 


There are eight sets of ROM Data Bus Signatures 
associated with the Freerun Test. A signature set 
is selected by TP502, TP503, and TP505. For the 
first set, these TP’s are all grounded. For the se- 
cond set [TP505 is connected to +5V. To check 
all eight sets, use the binary progression outlined 
below. NOTE: O = Gnd; T = +45V 





Used To 
TP505 | Check ROM 





Signature Set 


Figure 1-8-E-13. Freerun Test Flowchart 
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SERVICE GROUP F 
REFERENCE 
AND 
POWER SUPPLY TROUBLESHOOTING 


Service Group F Contents 
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Reference Supply Troubleshooting.....................2--200: 1-8-F-8 
—JOV Reference Troubleshooting: .... 04 4. nes sce en ck wee ce as 1-8-F-1] 
—10V Buffered Reference Troubleshooting................... 1-8-F-13 
+10V Reference Troubleshooting....................0..0045. 1-8-F-15 
Battery Backup/Cal RAM Battery Backup Troubleshooting... . .1-8-F-17 
Battery Backup Circuitry Troubleshooting.................... 1-8-F-20 
Cal RAM Battery Backup Circuitry Troubleshooting.......... 1-8-F-22 
VB and VBATT Circuitry Troubleshooting....................1-8-F-24 
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The instrument contains CMOS Integrated Circutits which ure 
susceptible to damage from Static discharge. It is important that 
grounded tools and wrist straps be used when handling or 
troubleshooting these components. 
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1-8-F-1. INTRODUCTION 





1-8-F-2. This service group contains the troubleshooting procedures for the reference sup- * 
plies (+ 10V, —10V, and buffered — 10V), VB, VBATT, +5V, +15V, and — 15V. This service 

group also contains information to troubleshoot the Low Power Up (LPU), Low Power Down 

(LPD), and Low Low Battery (LLB) circuitry. As additional troubleshooting information, 

a table of typical power supply currents is provided (see paragraph 1-8-F-64). 


|-8-F-3. As noted in the previous paragraph, the HP 3421A uses several different power 
supply voltages. Two of these voltages, VB and VBATT, could be a source of confusion 
unless their generation and use are understood. 


1-8-F-4. VB and VBATT are essentially the same voltage in that they are both generated 
from the main battery, or the ac line when the instrument is plugged into an ac outlet. The 
only difference between the two voltages is that VBATT is unswitched, while VB is switch- 
ed. That is, VBATT should always appear at the TP VBATT, and at all other circuit loca- 
tions where it 1s used, regardless of the set/reset state of the K700 relay. The only ttme VBATT 
is removed from the instrument circuitry is when the rear panel Reset pushbutton is held 
in. VB, however, is applied to the various circuit locations only when the front panel switch 
is on and the rear panel pushbutton is out. VB is also removed when a loop power down 
is in effect. If the front panel switch is off or the rear panel pushbutton is in, VB is removed 
from all circuit locations, including TP VB. 


1-8-F-5. VBATT, the unswitched voltage, appears at the circuit locations where power Is 
required for the instrument to power up when the front panel switch is pressed on, or for 

the instrument to ‘‘wakeup’’ from a loop power down. VBATT is also used by the XRAM ®% 
battery backup circuit. VB, the switched voltage, appears at the circuit locations where the 

battery voltage 1s required during normal instrument operation. 





1-8-F-6. EQUIPMENT REQUIRED 


1-8-F-7. The following equipment is required to perform the troubleshooting procedures in 
this service group. 


High Impedance Digital Voltmeter (like the HP 3456A) 
Oscilloscope 
Current Meter (optional - used to measure power supply currents) 


1-8-F-8. REFERENCE SUPPLY TROUBLESHOOTING 


1-8-F-9. The reference supplies consist of the —10V, — 10V buffered, and + 10V. These 
supplies, and where they are checked, are listed in Table 1-8-F-1. First check the — 10V and 
— 10V buffered references, since these are used to generate the + 1OV reference. The reference 
supplies can be found on schematic 1. 


Table 1-8-F-1. Reference Supply Voltages 


[Reference Supply | Check At__| Tolerance 


—10V Reference TP 400 + .5V 
10V Buffered U404 pin 6 
+ 10V Reference TP 401 
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1-8-F-10. if the - 10V reference voltage is incorrect, refer to paragraph 1-8-F-11 for 


e troubleshooting. If the — 10V buffered voltage is incorrect, refer to paragraph 1-8-F-13 for 
troubleshooting. If the + 10V reference voltage is incorrect, refer to paragraph 1-8-F-15 for 
troubleshooting. 


1-8-F-11. —10V Reference Troubleshooting 
1-8-F-12. To troubleshoot the —10V reference, perform the following procedure. 

a. Measure pin | of CR401 for a stable — 6.9V (approximately). Pins 2 and 3 of CR401 
should be at ground. If pin 1 of CR401 is correct, proceed with step b. If it is wrong, do 


the following: 


1. Check the —15V supply at TP — 15V to be sure it is correct (— 15V (+ .25V)). If 
it is wrong, refer to paragraph 1-8-F-37 for troubleshooting. 


2. If the —15V supply is correct, make sure R439 is good. If R439 is good, replace 
CR401. 


3. If the —15V supply and R439 are good, replace U403. 
b. Check U405 pin 2 for approximately —6.9V. If it is incorrect, replace U405. 


c. If the —10V reference is still incorrect, replace U404. If that does not solve the 
problem, replace U403. 





1-8-F-13. -—10V Buffered Reference Troubleshooting 
i-8-F-14. To troubleshoot the —10V buffered reference, do the following: 


a. First make sure that the — 10V reference voltage is correct (see paragraph 1-8-F-11). 
If the —10V reference is OK, proceed with step b. 


b. Unsolder and lift one end of R408. 

c. Check U404 pin 6 for — 10V. If it is correct, replace U403. If it is incorrect, replace U404. 

d. Resolder R408. 
1-8-F-15. +10V Reference Troubleshooting 
1-8-F-16. If the +10V reference voltage is incorrect, do the following: 

a. First make sure that the — 10V reference (TP 400) and the — 10V buffered reference 
{U404 pin 6) are correct. Both should have a value of —10V (+.5V). The troubleshooting 
procedures for these references were explained starting with paragraph 1-8-F-8. 

b. Unsolder and lift one end of JM201, and check the + 10V reference again at TP 401. 


If it is now correct, replace U102 and then resolder JM201. If it is still incorrect, proceed 
with step c. 
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ce. Replace U402. If the + 10V reference is sull incorrect, replace U403. 
d. Resolder JM201. @ 


1-8-F-17. BATTERY BACKUP/CAL RAM BATTERY BACKUP TROUBLESHOOTING 





1-8-F-18. The HP 3421A has a 6V main battery (BT701) and a 3V Cal RAM battery (BTS501). 
The main battery allows portable operation of the instrument, and provides power to the 
ARAM during a loop power down or when the front panel switch is off. BT701 is rechargeable 
and charges automatically when the HP 3421A is plugged into an appropriate ac outlet. The 
Cal RAM battery maintains power to the Cal RAM (U502) when the front panel switch is 
off (or the rear panel pushbutton is in), or when a loop power down is in effect. BTS501 is 
not rechargeable, but has an approximate life of 5 years. 


1-8-F-19. The troubleshooting procedures for these two backup circuits are explained in the 
following paragraphs. 


1-8-F-20. Battery Backup Circuitry Troubleshooting 


1-8-F-21. This circuitry consists of Q502, Q503, and associated components. Its purpose is 
tO Maintain power to the XRAM (U503 and U504) during a loop power down, or when the 
front panel switch is pressed off. Before troubleshooting this circuitry, refer to schematic 
3 and note that VBATT is an unswitched voltage (i.e., it always appears at TP VBATT, 
even if the front panel switch is pressed off). This means that Q503 will always have the 
main battery voltage applied to it. To troubleshoot this circuitry, perform the following 

procedure. » 





a. Check TP VBATT for a voltage of 5.8V to 7.6V. If it is incorrect, refer to the battery 
charger circuitry troubleshooting (paragraph 1-8-F-28). If it is correct, proceed with step b. 


b. With the front panel switch off, check the base and emitter voltages of Q503. The 
exact voltages measured will depend upon the amount of charge held by the main battery. 
For example, if the main battery voltage is exactly 7V, you can expect the Q503 emitter to 
read about 3.8V and the base to read about 4.2V. 


c. Press the front panel power switch on. 

d. The emitter of Q503 should now go to about 5V. The base will be lower than the 
emitter, which means that Q503 is turned off. If the emitter does not go to 5V, check 
TP +5V and TP +15V to make sure these two supplies are correct. If these supplies are 
correct, replace Q502. If they are incorrect, the +5V and + 15V troubleshooting procedures 
can be found starting with paragraph 1-8-F-35 and paragraph 1-8-F-37, respectively. 
1-8-F-22. Cal RAM Battery Backup Circuitry Troubleshooting 

IMPORTANT 


lf power to the Cal RAM is disrupted while you are troubleshooting 
this circuitry, all instrument functions must be re-calibrated. 
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1-8-F-23. This circuitry consists of Q501, BTS501, and associated circuitry. Its purpose is to 
a allow BTS0O1 to supply power to the Cal RAM when power is pressed off or a loop power 

down occurs. This maintains the calibration constants stored in the Cal RAM, regardless 

of the power state of the instrument. To troubleshoot this circuitry, do the following: 


a. With the front panel switch off, check the voltage at the cathode of CR506 (or U502 
pin 22), which should read about 2.8V, depending upon the charge held by BT501. The 
minimum voltage at the cathode of CR506 should be no less than 2V. 


b. If the CR506 cathode voltage is incorrect, proceed with step c. If the CR506 cathode 
voltage is correct, do the following: 


1. Press the front panel power switch on and check the cathode of CR506, which should 
go to about SV. If it does, the Cal RAM battery backup circuit is operating properly. 


2. If the cathode of CR506 does not go to +5V when the power switch is pressed on, 
check the + 15V and +5V supplies (TP +15V and TP +5V). If they are correct, replace 
Q501. If they are incorrect, the troubleshooting procedure for the +5V and +15V 
supplies can be found starting with paragraph 1-8-F-35 and paragraph 1-8-F-37, 
respectively. 


c. With the front panel switch off, check the positive side of BT501 for a minimum of 
2.4V. If it is incorrect, replace BT501. If it is correct, replace CR506. 


d. If, after replacing either BT501 or CRS06, the cathode of CR506 still has the wrong 
voltage, replace the Cal RAM (U502). 





e, After obtaining the proper voltage at the cathode of CR506 with the front panel switch 
off, make sure Q501 is operating properly. This can be done by pressing the front panel 
switch on and checking that the Q501 emitter goes to +5V. 


1-8-F-24. VB AND VBATT CIRCUITRY TROUBLESHOOTING 

|-8-F-25. As explained in paragraph 1-8-F-4, the only difference between these two voltages 
is that VB is switched and VBATT is unswitched. The troubleshooting procedures for both 
voltages is explained in the following paragraphs. 

1-8-F-26. VBATT Circuitry Troubleshooting 

|-8-F-27. To troubleshooting this circuitry, do the following: 


a. Unplug the instrument from the ac power source. 


b. Check TP VBATT for a voltage between 5.8V and 7.6V. If it is correct, VBATT 1s 
OK. If it is incorrect, proceed with step c. 


c. Plug the instrument into an appropriate ac line source. The front panel switch may 
be either on or off. 
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d. With the instrument plugged into the ac line, again check TP VBATT for a voltage 
between 5.8V and 7.6V. If VBATT is now correct, either there is an open in one of the © 
battery leads or the battery is depleted. Do the following: ) 





1. Make sure the 2A fuse (F700) is good. 
2. Check the connectors that plug onto both battery terminals for an open. 


3. If steps 1 and 2 check good, the battery is most likely depleted. Check the battery 
directly across the battery terminals for a voltage of 5.8V to 7.6V. It should be noted 
that a low battery will take several hours to charge. Also, a completely depleted battery 
will not hold any charge until it has been re-charged for about two hours. 


¢. If VBATT is low when the instrument is plugged into the ac line, check for an open 
between one of the battery terminals and TP VBATT. Also check the 2A fuse (F700) to make 
sure it is good. 


!. Check the positive lead of the main battery for a voltage of 5.8V to 7.6V. If the voltage 
is OV, make sure the 2A fuse (F700) is good. If the voltage is low (but not OV), the battery 
charger circuit is defective, in which case you should go to paragraph 1-8-F-28 for 
troubleshooting. 


1-8-F-28. Battery Charger Circuitry Troubleshooting 
1-8-F-29. This circuitry consists of Q700, Q701, U702A, U702B, RT700, CR704, and 


associated components. The purpose of this circuitry is to supply charge current for the main 
battery and current for the remainder of the instrument. 





|-8-F-30. Before troubleshooting the battery charger circuitry, it would be a good idea to 
consider the various component functions. These are as follows: 


U702A — Voltage Regulator for the battery float voltage 
(Float voltage is the voltage that the battery is being charged to. The float voltage 
appears at the cathode of CR704). 


U702B Current Regulator that limits current from transformer T700. 


Q700 Pass Transistor. 
Q701 — Drive Transistor. 
RT700 — Thermistor with a negative temperature coefficient that changes float voltage 


with temperature (i.e., when temperature goes up, float voltage goes down). 


CR704 Diode which acts as an open switch to keep the battery from discharging through 
the charger circuitry when the power cord is unplugged. 
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| 1-8-F-31. A failure in this circuitry can exhibit one of the following problems: F701] (.15A) 
e blows when the power cord 1s plugged into an ac outlet; main battery will not charge; main 
battery will not hold a charge when the instrument is powered down. If F700 (2A fuse) keeps 
blowing, probably the only thing in the battery charger circuit that could cause this is a short 
across R706, R707, and R708 (or RT700), a short across CR717, or some other multiple 
component failure which would allow the positive side of the battery to have a low impedance 
path to ground. If F701 (.1S5A) is blowing, the most likely cause is some circuit component(s) 
in the instrument (and probably in the battery charger circuitry) 1s drawing too much 
current. The troubleshooting procedures for the symptoms of the battery charger circuit failures 
are explained in the following paragraphs. 


1-8-F-32. F701 Blows With AC Power Applied. Since this type of failure will not permit 
the ac line cord to be plugged into an ac outlet without blowing the fuse, do the following: 


a. First check the bridge rectifier diodes (CR700 - CR703). 


b. If the bridge rectifier is OK, check the TP REF for 1.235V (+ 10m YV). If it is incorrect, 
replace U703. 


c. If TP REF is OK, check transistors Q700 and Q701. 
d. If Q700 and Q701 are OK, check for a short across R705. 


e. If R705 is OK, replace U702. 





1-8-F-33. Main Battery Will Not Charge. Before troubleshooting the battery charger cir- 
cultry for this type of failure, understand that a discharged battery (<5.8V and >1V) can 
take up to 16 hours to fully charge. A completely discharged battery (<1V) could take up 
to 48 hours to charge. Also be aware that 1f the ac line fuse (the rear panel fuse F701) is 
open or the battery fuse (F700) is open, the battery will not charge. If the battery has been 
given ample time to charge and the fuses are good, but the battery still does not charge, 
do the following: 


a. Disconnect the main battery from the instrument circuitry by removing the main 
battery fuse (F700). Do not mistake this fuse with the ac line fuse. F700 1s the 2A normal 
blow fuse located in the fuse holder at the right rear of the instrument as viewed from the front. 


b. With F700 removed, check TP 700 for a raw dc voltage of 11.5V to 18V. If it is 
correct, proceed with step c. If it is incorrect, check the bridge rectifier diodes (CR700 thru 
CR703), transistors Q700 and Q701, and filter capacitor C700. If these are OK, replace U702. 


c. With F700 removed, check the cathode of CR704 for a voltage of 6.9V to 7.6V. If it 
is correct, proceed with step d. If it is incorrect, first check CR704 to make sure it is not 
open. If CR704 1s OK, check Q700 and Q701. If Q700 and Q701 are OK, replace U702. 


d. Check TP REF for a voltage of 1.235V (+10mV). If it 1s incorrect, replace U703. If 
this does not solve the problem, check C707. 


~ e. Replace F700. 
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1-8-F-34. Batiery Discharges When Instrument Is Off. This type of failure can be caused 

by a defective battery, defective diodes (CR704 or CR717), or by a defective component that = 
uses VBATT. VBATT is the unswitched battery voltage. That is, it appears at some places 

in the instrument regardless of set/reset state of relay K700. CR704 acts as an open switch 

when the ac line cord is removed to keep battery from being discharged to ground. If the 

battery discharges while the instrument is powered down, do the following: 





a. Check CR704 and CR717. 


b. Check all components that use VBATT (Q503, U531, U532, and Q531 (Q531 is on 
instruments that have the 03421-66501 motherboard only)). 


c. If all components are OK and the battery charger circuitry is operating properly, the 
battery is defective. It should be noted that the battery will not sustain repeated discharging 
to the point where it has little or no charge. If the main battery has been completely discharged 
four times or more, it is probably defective. Normally, this will not occur because the instru- 
ment is designed to power down when a low battery is detected. 


1-8-F-35. +5V POWER SUPPLY TROUBLESHOOTING 


1-8-F-36. The +5V power supply consists of U700C, U700D, Q702, Q703, CR716, and 
associated components. The +5V supply is used by the control logic and the A/D sections. 
The U508 CPU will not be able to operate if the +5V supply drops below 4.7V. To 
troubleshoot the +5¥V power supply, do the following: 


a. Check TP +5V for +5V (+.25V). If it is correct, the +5V power supply is operating 
properly. If it is incorrect, proceed with step b. 





b. Check TP + 15V for ISV (+.4V). If it is correct, proceed with step c. If it is incorrect, 
refer to paragraph 1-8-F-37 for troubleshooting. 


c. Check TP VB for a voltage of 5.8V to 7.6V. If it is correct, proceed with step d. If 
it is incorrect, do the following: 


1. Check TP VBATT for a voltage of 5.8V to 7.6V. If TP VBATT is OK, then there 
is a problem with either the K700 relay, the circuitry that generates Low Power UP 
(LPU) or Low Power Down (LPD), or the +15V power supply. 


2. If TP VBATT is incorrect, there is most likely a problem with the battery charger 
circuitry. See paragraph 1-8-F-28 for troubleshooting. 


d. Lift one end of JM102 and check TP +5V again. If +5V is still incorrect, proceed 
with step e. If + SV is now OK, some device in the A/D section is drawing too much current 
from the +5V supply. To troubleshoot this circuitry, replace JM102, refer to schematic 1, 
and use a high resolution digital voltmeter (like the HP 3456A) to probe the +5V power 
supply connections of all devices that use +5V in the A/D section. The device drawing 
excessive current will have the largest voltage drop at its +5V connection(s). 


e. Use a cliplead jumper and connect TP LPD to TP VBATT. 
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ft. Litt one end of JM703 and check ITP +4V again. If +5V is sull incorrect, there is 
e a problem in the +5V regulation circuitry, in which case you should proceed with step g. 
If, however, +5V is now good, some device in the control logic is drawing too much 
current. To find the problem, replace JM703, refer to schematic 2, and use a high resolution 
digital voltmeter (like the HP 3456A) to probe the +5V power supply connections of all 
devices in the control logic section. The device drawing excessive current will have the largest 
voltage drop at its +5V connection(s). 


g. Replace JM102 and JM703. 
h. Check CR716, Q702, and Q703. If these are OK, replace U700. 
1-8-F-37. +15V AND -15V POWER SUPPLY TROUBLESHOOTING 


i-8-F-38. The +15V and —15V are generated by a switching regulator type power supply, 
which consists of transistors Q704 and Q705, transformer T701, rectifying diodes CR711 
and CR712, zener diodes CR714 and CR715, and other associated components. 


|-8-F-39. Before troubleshooting these supplies, you should have an understanding of their 
interaction with one another. The — 1S5V supply regulates the + 15V supply. This means that 
the + 15V supply voltage will follow the — 15V supply voltage (i.e., if — 1SV goes low, +15V 
also goes low). However, as more current is drawn from the +15V supply, it will not alter 
the —15V supply unless the current draw is excessive. Also, both supplies are generated by 
the main battery voltage VB. The troubleshooting procedures for these two supplies are 
explained in the following paragraphs. 





1-6-F-40. +15V Power Supply Troubleshooting 
1-8-F-41. To troubleshoot the +15V supply, do the following: 


a. Check TP +15V for a voltage of + 15V (+.4V). If it is correct, the + 15V supply ts 
operating properly. If it 1s incorrect, proceed with step b. 


b. Check TP — 15V for a voltage of —15V (+.25V). If it is incorrect, check TP VB for 
a voltage of 5.8V to 7.6V. If TP VB is wrong, the problem is most likely in the battery charger 
circuitry, in which case you should go to paragraph 1-8-F-28 for troubleshooting. If TP —15V 
is incorrect but TP VB is correct, the problem is with the —15V supply, in which case you 
should go to paragraph 1-8-F-42 for troubleshooting. If TP —15V is correct, the problem 
is with the +15V supply, in which case you should do the following: 


1. Unsolder and lift one end of JM/701. 


2. Check TP +15V again. If it is still incorrect, proceed with step c. lf TP + 15V is 
now correct, some device in the A/D or control logic section is drawing too much 
current. In the A/D section, +15V is used by several devices (see the power supply 
table on schematic 1). In the control logic section, + 15V is used by Q501, Q502, and 
also appears at pin 13 of J500, J501, and J502. To find out which device is drawing 
excessive current, perform steps 3 and 4. 





= 3. Check Q501 and Q502. If these are OK, proceed with step 4. 
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4. Using a high resolution digital voltmeter (like the HP 3456A), check the + 15V power 
supply connections of the various [Cs in the A/D section. The faulty IC will have the 
largest voltage drop at its +15V connection. Refer to the power supply configuration 
table for schematic | to identify the pin numbers of the ICs that use the + 15V supply. 





c. Check zener diode CR714, and capacitors C710 and C713. If these are OK, proceed 
with step d. 


d. Using an oscilloscope set to a sweep time of 20 ps/div and a vertical gain of 10V/div, 
check the anode of CR712 for the waveform shown In Figure 1-8-F-1. If it is incorrect, first 
make sure CR712 1s OK. If CR712 is good, replace transformer T701. 





(20yus/Div Sweep; 
10V/Div Vertical Gain) 





Figure 1-8-F-1. CR712 Anode Waveform 





1-8-F-42. —15V Power Supply Troubleshooting 
1-8-F-43. To troubleshoot the —15V supply, do the following: 


a. Check TP —15V for a voltage of —15V (+.25V). If it is correct, the — 15V supply 
is Operating properly. If it is incorrect, proceed with step b. 


b. Check TP VB for a voltage of 5.8V to 7.6V. If it is correct, proceed with step c. If 
TP VB is incorrect, the problem is most likely in the battery charger circuitry. Refer to 
paragraph |-8-F-28 for troubleshooting. 


c. Check TP +15V for a voltage of +15V (+.4V). If TP + 15V is correct, proceed with 
step d. If the voltage is lower than 14.6V, the +15V supply is pulling down the —15V 
supply, in which case you should go to paragraph 1-8-F-37 for troubleshooting. 


d. Lift one end of JM702 and then check TP —15V again. If it is still wrong, proceed 
with step e. If, however, TP — 15V is now good, some device in the A/D section is drawing 


excessive current. To find out which device is defective, do the following: 


1. Resolder JM702. 
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2. Refer to the power supply table on schematic | to identify the components that use 

& the —15V supply. Then, using a high resolution voltmeter, probe the — 15V power supply 
connections for the ICs that use this supply. The defective IC will have the largest voltage 
at its —15V power supply connection. 


e. Resolder JM702. 


f. Check regulating diode CR715, and capacitors C711 and C714. If these are OK, pro- 
ceed with step g. 


g. Using an oscilloscope set to a 20us/div sweep time and a 10V/div vertical gain, check 
the collector of Q704 for the waveform shown in Figure 1-8-F-2. If it is incorrect, first check 
CR711. If CR711 is OK, check Q704 and Q705. If Q704 and Q705 are good, replace T701. 


(20 ws/Div Sweep Time; 
10V/Div Vertical Gain) 





/ 





Figure 1-8-F-2. 0704 Collector Waveform 


1-8-F-44. POWER UP/POWER DOWN CIRCUITRY TROUBLESHOOTING 


|-8-F-45. Effectively, the HP 3421A has two power switches. The rear panel pushbutton 
(S700) removes all circuit power from the control logic and input circuitry. In addition, it 
removes power from most of the power supply circuitry. S700 serves as a master reset switch. 


1-8-F-46. The front panel switch (S502) can be thought of as a power state ‘‘software’’ switch. 
When the front panel switch is pressed off (out), it grounds the interrupt line (LINT) of the 
U508 CPU thru CR584. This causes the CPU to access an interrupt service routine in ROMs 
U505 and U506, which in turn activates the Low Power Down (LPD) signal. LPD 1s inverted 
by U700B, which drives Q706 and resets relay K700. If for some reason the CPU does not 
send the LPD signal to U700B, relay K700 is then reset by Q708 and U70I1A. This happens 
when the LINT line goes low. It triggers one-shot multivibrator U701A, after a delay that 
is determined by R734 and C723, which in turn drives Q708 on. This causes relay K700 to 
reset. Since U701A is only used as a backup for the CPU, it is only effective if the CPU 
does not set the LPD line low. When K700 is reset, the VB path is opened. VB is required 
to develop +5V, +15V, and -15V. 
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NOTE 


On older HP 3421 As (Serial Number 2338A03052 and below), only © 
the CPU ts able to set the LPD line low. Those instruments did 
not have the U701A and Q708 LPD backup circuitry. 


1-8-F-47. When the front panel switch is pressed on (in), the CPU interrupt line (LINT) is 
released. This allows the wakeup logic to generate the Low Power Up (LPU) signal. LPU 
triggers one-shot multivibrator U701B, which in turn drives Q707 causing the K700 relay 
to set. When K700 is set, the path for VB is restored. 


1-8-F-48. Since K700 is a latching type relay, it remains in the state it is in, unless changed 
by activating its set or reset coil. That is, if the relay is set, the reset coil must be activated 
to place the relay in a reset state; if the relay is reset, the set coil must be activated to place 
the relay in a Set state. To power down via the front panel switch, the CPU must access ROM 
to generate the LPD signal. To power up via the front panel switch, the wake up logic must 
generate the LPU signal. This means that power up/power down failures could be caused 
by the logic circuitry, or the circuitry that handles the LPU and LPD signals. Also, since 
the CPU will fail to run if its power supply drops below 4.7V, a power supply problem could 
cause a power up/power down failure. 


1-8-F-49. In addition to that explained in the previous paragraph, the Low Low Battery (LLB) 
circuit can also affect power up and power down. This is explained in detail starting in 
paragraph 1-8-F-56. For now, however, understand that if a low battery voltage is detected 
during instrument operation, it causes the error indicator to turn on. The Model 3421A will 
then power down in about three minutes. However, if the HP 3421A is required to com- 
municate on HP-IL or HP-IB, the three minutes will be extended. Both the error indicator 
and on indicator remain on after power down. If a low battery voltage is detected at power 
on, display segment 27 and the error indicator will turn on and remain on, followed by an 
instrument power down in about three seconds later. 





NOTE 


On older HP 3421As (Serial Number 2338A03052 and below), the 
on and error indicators do not remain on when the instrument goes 
into the power down mode. For those instruments, the complete 
display goes blank. 


|-8-F-50. Another important thing to know about LPU and LPD is their respective states 
during power up, power down, and normal operation. Since LPD is used to power down 
the instrument, it should be high when the front panel switch is on. When the front panel 
switch is pressed off, LPD goes low. LPU, however, is used to trigger multivibrator U701, 
and is low when the front panel switch is on. Thus, when the front panel switch is pressed 
from off to on, LPU makes a transition from low-to-high and back low. It is the falling 
edge of LPU that triggers U701B. 


1-8-F-51. Before troubleshooting a power up or power down failure, check TP +5V for+5V 
(+.25V). If TP +5V is incorrect, go to paragraph 1-8-F-35 for troubleshooting. Next, check 
signal Low Low Battery (LLB) at JM700 (JMLLB) for a TTL high (5V). If LLB is incorrect, 
go to paragraph 1-8-F-56 for troubleshooting. The troubleshooting procedures for the power 
up and power down failures are explained in the following paragraphs. 
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1-8-F-52. Power Up Failure Troubleshooting 


e 1-8-F-53. This type of failure is when the instrument will not power up when the front panel 
switch is pressed on. Assuming you have checked the +5V power supply and LLB (see 
paragraph 1-8-F-51), do the following: 


a. Use an oscilloscope and monitor TP LPU as the front panel switch (S502) is pressed on. 
If LPU does not go to OV when $502 is pressed on, proceed with step b. If LPU goes to 
OV, but the instrument still does not power up, do the following: 


|. Press the front panel switch off. 


2. Momentarily connect a jumper between pin 12 of K700 to ground. If the HP 3421A 
does not power up, K700 is defective. If it does, K700 is good. Using an oscilloscope 
set to a slow speed, monitor pin 10 of U701. The pin should make a transition from 
low-to-high and back to low, when the front panel switch is pressed. You may notice 
a switch bounce that causes U701 pin 10 to make the transition twice. This 1s normal. 
If the output is good, check for a defective Q707. If wrong, check for a defective U701. 


b. First make sure that R731 is good. If R731 is good, there is a problem with either U531, 
U532, or $502. To isolate the problem, do the following: 


1. Monitor U531 pin 8 with an oscilloscope and slowly press the front panel switch 
from off to on. When the front panel switch is off, U531 pin 8 should be low (OV). 
As the switch reaches midpoint, U531 pin 8 should go to VBATT. When the switch 
reaches its on position, U531 pin 8 should again go low (OV). If you do not see these 
transitions ocurring, first check R537. If R537 is OK, replace $502. 





2. If U531 pin 8 checks good, trace the signal through U531C, U532B, U531D, and 
U531A. To do this, cycle the front panel switch from off to on as you check for transi- 
tion at the output of each gate. Replace the IC containing the gate where transitions 
do not occur. 


1-8-F-54. Power Down Failure Troubleshooting 


1-8-F-55. This type of failure is when the instrument will not power down when the front 
panel switch is pressed off. Assuming you have checked the + 5V supply, do the following: 


a. Use an oscilloscope and monitor TP LPD as the front panel switch (S502) is pressed 
off. If LPD does not go to OV when S502 is pressed off, proceed to step b. If LPD goes 
to OV, but the instrument still does not power down, do the following: 


1. Press the front panel switch on (in). 


2. Set the oscilloscope to a slow sweep speed (i.e., .5s or slower), and then monitor 
U700 pin 1 as the front panel switch is pressed off again. You should see a fast pulse 
zo low-to-high and then low again. If this does not occur, replace U700. If U700 pin 
| makes the transition, proceed with step 3. 
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3. Press the front panel switch on. Then monitor the collector of Q706 with an 
oscilloscope as the front panel switch is pressed off. The Q706 collector should make 
a transition from from the battery voltage to OV and then back to the battery voltage. 
If this does not occur, either Q706 or Q708 is defective. Proceed with step 4. If it does 
occur and the HP 3421A still does not power down, first check CR705. If CR705 is 
good, replace K700. 


4. With the HP 3421A turned on, check for a low level at the base of Q708. If the 
level is high, check for a defective U701A. If the level is low, lift the collector lead of 
Q708. Then turn the front panel switch off. If the power down operation is now good, 
replace Q708. If still inoperative, replace Q706. 


b. Unsolder and lift one end of JM705. 


c. Press the front panel power switch on. Now monitor US08 pin 27 as the front panel 
switch is pressed off, which should go low (OV). If USO8 pin 27 is OK, proceed with step 
d. If U508 pin 27 does not make the high to low transition, do the following: 


1. Make sure the front panel power switch is off and that USO8 pin 6 (LINT) is ap- 
proximately OV. If it is not OV, check for an open CR584 and switch S502. Replace 
if defective. 


2. With the front panel switch on, use an oscilloscope to check the address lines (AO-A12) 
of ROM US506 to make sure they are all making transitions. If the address lines are 
OK, check the data bus lines (DO-D7) of ROM U506 to make sure they are all making 
transitions. 


3. If any address line is stuck (high or low) it can be the fault of any component that 
connects to the address bus. If an address bit is stuck low, however, you can use a high 
resolution voltmeter and probe the stuck bit at the various devices. The defective device 
will have the largest voltage drop at the address pin sinking the current. 


4. Like the address bits, a stuck data bit can be the fault of any component that 
connects to the data bus. If it is stuck low, you can use the high resolution voltmeter 
technique that was explained in step 3 to find the faulty component. 


5. If both the address and data bus lines are OK, the CPU is probably defective. Refer 
to Service Group E for troubleshooting. 


d. Replace U700 and resolder JM705. 


1-8-F-56. LOW BATTERY CIRCUITRY TROUBLESHOOTING 


1-8-F-57. This circuitry develops the Low Low Battery signal. LLB indicates that the main 
battery is low. If ILB is detected at power on, the display on indicator, display error indicator, 
and display segment 27 turn on, followed by an automatic instrument power down in about 
three seconds. If LLB is detected during operation, the display error indicator turns on followed 
by an instrument power down about three minutes later. However, if the HP 3421A is re- 
quired to communicate on HP-IL or HP-IB, the three minutes will be extended. In both 
instances, the appropriate display indicators remain on after power down occurs. 
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NOTE 


» On vider HP 3421 AS (Serial Number 2338AV03052 and below), the 
on and error indicators do not remain on when the instrument goes 
into the power down mode. For those instruments, the complete 
display goes blank. 


1-8-F-58. This circuitry can have three failures. One failure is when LLB is low all the time, 
even if the battery is not low. This failure will cause the instrument to power down about 
three seconds after power on, or, 1f the failure occurs during operation, a power down about 
three minutes after LLB is detected. The other failure is when LLB does not go low when 
the battery is low. This failure will result in the instrument not powering down if the battery 
voltage is low. This, ofcourse, could result in the battery becoming completely discharged 
if portable operation is continued. Another possible failure, which 1s not a part of LLB genera- 
tion, is when the instrument does not respond to LLB (1.e., it does not power down when 
LLB 1s active). If this is ocurring, replace the U512 port expander. 


|-8-F-59. The troubleshooting procedures for the two LLB failures are explained in the follow- 
ing paragraphs. 


1-8-F-60. Instrument Powers Down After Turn On 


1-8-F-61. This type of failure should cause the display error indicator and display segment 
27 to turn on when the front panel switch is pressed on, followed by an automatic instru- 
ment power down about three seconds later. Before troubleshooting this failure, make sure 
TP VBATT is between 5.8V and 7.6V with the ac line cord unplugged. If VBATT is low, 
allow sufficient time for it to recharge before troubleshooting. Also, make sure that the ac 
line fuse and the battery fuse are good. If either fuse is blown, the battery will not charge 
when the instrument is plugged into the ac line. If VBATT and the fuses are OK, do the 
following: 





a. Check the voltage at JM700. If itis 5V, but the instrument powers down when the front 
panel switch is pressed on, replace port expander U512. If JM700 is OV, do the following: 


1. Unsolder and lft one end of JM/700. 

2. Press the front panel switch on. 

3. If the instrument still powers down when the front panel switch 1s pressed on, replace 
port expander U512. If the instrument no longer powers down when the front panel 
switch is pressed on, proceed with step 4. 

4. Replace JM700. 

5. Make sure the instrument is plugged into an ac outlet. 

6. Check TP REF for 1.235V (+ 10mV). If it is incorrect, replace U703. If it is correct, 


check U700 pin 4 for 1.235V. If U700 pin 4 is correct, proceed with step 7. If U700 
pin 4 1s wrong, make sure R725 is good. 
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7. Press the front panel switch off and then monitor U700 pin 3 with a voltmeter as 
the switch 1s pressed on again. Before the instrument powers down, U700 pin 5 should 6 
go to about 1.5V. This voltage must be higher than the 1.235V reference. If U700 pin 
5 1s wrong, make sure R709, R710, and C702 are good. If they are OK, replace U700. 


1-8-F-62. Instrument Does Not Power Down When Battery Is Low 


1-8-F-63. The instrument is designed to power down if the main battery voltage is too low. 
The battery should be at 5.8V or above to use the instrument for portable operation. You 
should also note that a discharged battery (<5.8V and >1V) can take up to 16 hours to 
charge and a completely discharged battery (<1¥V) can take up to 48 hours to charge. Also, 
the battery may not be able to sustain repeated discharging to the point where it has little 
or no charge remaining. If the battery has been completely discharged four times or more, 
it is probably defective. To troubleshoot the circuitry, do the following: 


a. Check TP VBATT for 5.8V to 7.6¥V. If the voltage falls within this range, you should 
not expect LLB to be active. If the battery voltage is low, proceed with step b. 


b. Check U700 pin 2 for OV. If it is correct, LLB is OK but the instrument is not respon- 
ding properly. Replace port expander U512. If U700 pin 2 is not OV, do the following: 


1. Check TP REF for 1.235V (+10mV). If TP REF is incorrect, replace U703. If it 
is correct, proceed with step 2. 


2. Check U700 pin 4 for 1.235V (+ 10mV). If this voltage is correct, proceed with step 
3. If it is wrong, check resistor R725. 





3. Check U700 pin 5 for a voltage that is less than TP REF (i.e., less than 1.235V). 
If U700 pin 5 is lower than TP REF but LLB is still high, replace U700. If U700 pin 
5 is higher than TP REF (i.e., greater than 1.235V), check R709 and R710 to make 
sure they have not changed value. 


1-8-F-64. POWER SUPPLY CURRENTS 


1-8-F-65, As additional troubleshooting information, the typical power supply currents the 
instrument draws are listed in Table 1-8-F-2. Also listed is where the various currents can 
be checked. If any power supply current exceeds 10% of the typical value listed in the table, 
you should suspect that some device(s) that uses that supply is drawing too much current. 


1-8-F-66. If some device draws excessive current, it can lower the voltage of the power supply 
that is providing power to the device. The actual voltage that will be read from the supply 
will depend upon how much excessive current is being drawn. You can locate the defective 
device by using a high resolution digital voltmeter to probe the power supply connections 
of all devices that use that supply. The defective device will have the largest voltage drop 
at its power supply connection(s). Normally, the difference in voltage that can be read 
between the devices that use the same supply is very small (usually a few mV), which is the 
reason a high resolution digital voltmeter is needed. This small voltage is developed by the 
current going through the trace to the device. 
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Table 1-8-F-2. Power Supply Currents 
| _ eee ee 
ee NOTE 


The currents listed in this table assurne that no 
options are installed in the instrument. 


Typical Value Check At 


Positive or negative lead of main battery with 
ac line cord unplugged. 


125 mA Cumulative current at JM102 and JIM70O3. 


10mA JM701. 





11 mA JM7O2 
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1-8-G-1. INTRODUCTION 


1-8-G-2. This service group contains a basic and detailed description of the HP 3421A eir- 
cuitry. The basic description explains the purpose of various operating blocks shown in Figure 
1-8-G-1. The detailed description explains the circuitry within each operating block. 


1-8-G-3. BASIC BLOCK DIAGRAM DESCRIPTION 
1-8-G-4, Refer to Figure 1-8-G-1 for the following discussion. 


1-8-G-5. The HP 3421A circuitry can be separated into three major categories: measure- 
ment, control circuitry, and power supply. The measurement circuitry consists of the input 
circuitry, A/D converter, ohms current source, and ac to dc converter. The control circuitry 
is used to set up the measurement circuitry for a particular function and range, calculate 
readings, send and receive remote information, and control the front panel display (for channel 
numbers). The power supply provides the various operating voltages for the instrument. 


1-8-G-6. The following paragraphs explain a typical measurement sequence, and the power 
supply wake up logic. 


a. Set-up. Since the HP 3421A does not have any front panel range or function keys, a 
controller is needed to send this type of information over HP-IL (or HP-IB if the HP 3421A 
is so equipped). Upon receiving the information, the HP 3421A CPU sets up the measure- 
ment circuitry as required. The CPU also sends information to the display to show the selected 
channel. 
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Figure 1-8-G-1. HP 3421A Basic Block Diagram 


b. DC Volt Function. The following occurs if the dc volt function is selected. 


1. The CPU closes the input relay associated with the range selected. The input 
circuitry gain will depend upon the input path selected. 


2. The input voltage is either amplified or attenuated to anywhere between — 10V to 
+ 10V, depending upon the amplitude and polarity of the input. This voltage is then 
applied to the A/D converter. 


3. The A/D converter changes the voltage to a digital representation and then sends 
it to the CPU. 


4. The CPU takes the digital data and calculates the correct reading. The reading is 
calculated by using zero measurement (see step e) and calibration constants stored in 
the calibration RAM. 


5. The reading is stored and then sent over HP-IL (or HP-IB) when directed by the 
system controller. If, however, the controller directs another reading to be taken before 
the previous reading is sent, the previous reading will be lost because the HP 3421A 
buffer only has single reading storage capability. 


¢. Ohms Function. When the controller selects the ohms function, the HP 3421A ohms 
current source supplies a dc current through an unknown resistance. This produces a voltage 
drop which is applied to the input terminals. A dc voltage measurement is then made which 
the CPU uses to calculate the ohms measurement. This calculation is done using the zero 
measurement (See step e) and the calibration constants stored in the calibration RAM. 


1-8-G-2 











HP 3421A Service 


d. AC Volts Function. When the controller selects the ac volt function, the input is routed 
e through the ac to de converter. The converter changes the average value of the input ac voltage 
to an equivalent dc voltage. This de voltage is applied to the A/D converter. The A/D 
converter changes the voltage to a digital representation and sends it to the CPU. The CPU 
calculates the correct reading using the zero measurement and calibration constants. 


e, Autozero Function. When the controller selects the autozero function, an offset measure- 
ment is made before an input measurement is taken. This offset measurement is known as 
the zero measurement, and is stored in the calibration RAM to be used as a zero calibration 
constant. This constant is subtracted from dc volts, ac volts and ohms readings that follow. 


f. Power Supply Wake Up Logic and Front Panel Switch. The HP 3421A mainframe and 
the relay multiplexer option use latching type relays. Unless provisions were made to open 
this type of relay when a power down occurs, it would remain closed. This circuitry ensures 
that whenever the front panel switch button is pressed off, all analog input relays, and the 
mainframe relay that provides power to the instrument, will be opened before circuit power 
is removed. If the HP 3421A happens to be in a loop power down and the switch Is pressed 
off, it will cause the power supply to return power long enough for the CPU to open all 
channels before circuit power is removed. This is explained in detail starting with paragraph 
1-8-G-87. 


1-8-G-7. DETAILED THEORY OF OPERATION 
1-8-G-8. Introduction 
1-8-G-9. The remainder of this service group contains the detailed theory of operation. It 


may be helpful to refer to the detailed block diagram and schematics in Service Group H 
for the remaining explanations. The circuitry is explained as follows: 





. Input Circuitry - paragraph 1-8-G-10. 

. Ohms Current Source - paragraph 1-8-G-17. 

. AC to DC Converter - paragraph 1-8-G-25. 

._ A/D Converter - paragraph 1-8-G-29, 

. Control Logic Circuitry - paragraph 1-8-G-72. 
HP-IL Operation - paragraph 1-8-G-95. 

. Rear Panel Switch - paragraph 1-8-G-97. 

. Power Supply - paragraph 1-8-G-99. 
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1-8-G-10. Input Circuitry 


1-8-G-11. General. The purpose of the input circuitry is to condition the ac or de 
input signals for the A/D converter. Both ac and dc input signals use the same input 
circuitry, except that ac signals are routed through the ac to de converter before being input 
to the A/D converter. The input circuitry consists of several different stages and is 
explained as follows: 


. Overvoltage Protection - paragraph 1-8-G-12. 

. Input Switching - paragraph 1-8-G-13. 
Autozero - paragraph 1-8-G-14. 

. Precharge Stage - paragraph 1-8-G-15. 

Input Amplifier - paragraph 1-8-G-16. 
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1-8-G-12. Overvoltage Protection. There are two parts to this circuitry: high voltage pro- ) 
tection, and low voltage protection. These are explained in the following paragraphs. ® 





a. High Voltage Protection. This circuit consists of a 630V voltage surge protector (E101), 
two SIkQ resistors (R108, R109), and a .01 ywF capacitor (C104). The 
circuitry is connected between the 2/V HI and Q/V LO input terminals. E101 will conduct 
if the peak level of an input signal reaches 630V (+20%). When E101 
conducts, a path is provided to ground. R108 and R109 provide current limiting when E101 
conducts continuously. C104 provides a temporary low impedance path for voltage tran- 
sients, thereby protecting R108 and R109. 


b, Low Voltage Protection. This circuit consists of diodes within U102 that are connected 
between +3.5V and —3.5V on all input lines. A diode will conduct if the node where the 
diodes are connected exceeds either a +4.2V or —4.2V, thereby clamping the node to +4.2V. 
The difference between the input voltage and the node voltage where the diodes are 
connected is dropped across series resistors on the input line. Figure 1-8-G-2A shows a 
schematic representation of the low voltage protection circuit. 


1-8-G-13. Input Switching. The input switching circuitry consists of relays and MOSFET 
switches. The FET switches are located in U102. The purpose of this switching circuitry is 
to provide different paths to the input amplifier, with each path having different levels of 
attenuation. This circuitry also configures the input amplifier for a zero measurement (see 
autozero function, paragraph 1-8-G-14). The following explanations are for the various in- 
put paths. For these explanations, refer to Figure 1-8-G-2 and/or the schematics in Service 


Group H. e 


a. Low Voltage Range Input Path (Figure 1-8-G-2B). This path consists of K101, R103, 
R104, and SI (S1 is in U102). This path is used on the .3Vde and 3Vdc ranges, and all ohms 
ranges to connect the 2/V HI terminal to the input amplifier. The Q/V LO terminal is refer- 
enced to ground. 





b. High Voltage Range Input Path (Figure 1-8-G-2C). This path consists of K103, S2 (S2 
is In U102), and 9.9MQ and 100k? resistors (also in U102). This path attenuates the input 
signal by a factor of approximately 100 and then routes the attenuated signal to the input 
amplifier. This path is used on the 30Vde and 300Vdc ranges, and on both ac ranges. 


¢. Ohms High Sense Path (Figure 1-8-G-2D). This path consists of R105, R106, S3, S4, 
and S35 ($3, 54 and $5 are in U102). This path connects the QHI Sense Terminal to the input 
amplifier for 4-wire ohms measurements. Switch S5 is open for the 4-wire ohms function, 
and closed for all other functions. When S5 is closed, any voltage that might appear at the 
junction of $3 and S4 is shunted to ground. 


d. Ohms Low Sense Path (Figure 1-8-G-2E). This path consists of R101, R102, S6, and 
57. Its purpose is to connect the QLO Sense terminal to ground when the 4-wire ohms fune- 
tion is selected. For the 2-wire ohms function, the low ohms lead is the Q/V LO terminal 
which is connected directly to ground. 





1-8-G-4 


HP 34214 Service 


1-8-G-14. Autozero. [he autozero function is used to measure the offset voltage of the in- 

put amplifier and substract it from the input measurement. When autozero 1s enabled, an 
offset measurement is taken between each input measurement. The offset measurement 1s 
called ‘‘measure zero’’ and is done in two different ways, depending upon the selected func- 
tion. These are as follows: 


a. Autozero (DC Volts, and 2-wire Ohms). In these modes, the offset measurement 
(measure zero) is made with switch MC (measure customer) open, and switches MZ (measure 
zero) and S8 closed, as shown in Figure 1-8-G-2F. With switches MZ and S8 closed, the in- 
put of the input amplifier is connected to ground through a 102k resistor. After the offset 
measurement is made, switches MZ and S8 are opened and switch MC closed so the input 
measurement can be made. Switches MC, MZ, and S8 are in U102. 


bh. Autozero (4-wire Ohms). In this mode, the offset measurement Is made with switches 
MC and S8 open and switches MZ and S6 closed. The input amplifier is connected to ground 
through an externally connected lead to the Q/V LO Terminal as shown in Figure 1-8-G-2G. 
This configuration is different than the 2-wire ohms in that the input amplifier is connected 
to ground through an external connection. After the offset measurement is made, switch 
MC is closed and switches MZ and S6 are opened. 


c. Autozero (AC Volts). In this mode, the input circuitry is set up for ac volts. The A/D 
converter then takes a reading on its ground and the input signal. These readings are then 
subtracted to null out offset errors in the A/D converter. 


1-8-G-15. Precharge Stage (Figure 1-8-G-2H). A small stray capacitance exists within U102 
between the line going to the positive input of the input amplifier (U101) and ground. 
During a zero measurement, there will be no voltage across this capacitance. However, when 
an input measurement is made, this capacitance will start charging. This charging action could 
temporarily load down the input voltage, resulting in an incorrect reading. To prevent this, 
the input to the input amplifier is “‘precharged”’ to the input voltage before the input measure- 
ment is made. This is done by the precharge amplifier and switch PRE (both in U102). The 
circuit operation 1s as follows: 





a. After the zero measurement is made, switch PRE closes while switch MC is still open. 

b. The input voltage is routed to the precharge amplifier via the appropriate input path. 

c. The precharge amplifier is a non-inverting X1 amplifier. Thus, the output of the precharge 
amplifier is the same as its input, and is routed to the input amplifier through switch PRE. 
This precharges the stray capacitance to the input voltage. 


d. Switch PRE then opens and switch MC closes for an input measurement to be made. 


e. For the next measurement, a zero measurement is made (in autozero mode) and the 
cycle repeats. 
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Figure 1-8-G-2. Simplified Schematic of the Input Switching Circuitry 
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Figure 1-8-G-3. Simplified Schematics Of The Input Amplifier Gain 


1-8-G-16. Input Amplifier. The purpose of the input amplifier, in conjunction with the in- 
put switching circuitry, is to condition the input signals. For full scale inputs, the output 
of the amplifier will be 10Vdc for dc and ohms measurements and 10Vac (RMS) for ac 
measurements. The amplifier gain is either X3.33 or X33.3, depending upon the range selected, 
as shown in Figure 1-8-G-3. Note, however, that the overall circuit gain for two of the amplifier 
configurations is X.333 and X.0333. This is because of the input resistors which attenuate 
the signal by 100. For these two circuits, an amplifier gain of X33.3 is reduced to an overall 
circuit gain of X.333 (33.3/100); an amplifier gain of X3.33 is reduced to an overall circuit 
gain of X.0333 (3.33/100). 
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1-8-G-17. Ohms Current Source 





|-8-G-18. The purpose of the ohms current source Is to provide a stable current for resistance 
measurements. The current is applied to the unknown resistance and the resultant voltage 
drop is measured. From this voltage measurement, the HP 3421A calculates the resistance 
value. 


1-8-G-19, The ohms current source consists of the following circuitry: voltage reference, 
buffer, range resistors, output FET, gate bias amplifier, overvoltage protection, and ohms 
switching relay. In addition, several FET switches (inside U102) are used to select the re- 
quired gain characteristic by switching various resistors (also in U102) in or out of the 
circuit. The following paragraphs explain how the ohms circuitry operates. Refer to Schematic 
| and Figure 1-8-G-4 for the explanations. 


1-8-G-20. Ohms Current Generation. The explanation of ohms current generation is as 
follows: 


a. The voltage reference (U201) output is +12V for all ranges, except the 30MQ range 
where itis +8.4V. The U201 output is applied to the positive terminal of buffer U202. The 
output of U201 is also divided down to +8V, irrespective of range, by resistor R201 and 
feedback resistors RR3 and RR4. This +8V is applied to the positive input of U203. 


b, The output of buffer U202 is + 12V (or +8.4V for the 30MQ range). This + 12V is 
routed through one of the range resistors (RR5, RR6, RR7, or RR8, depending upon the 
range) to the negative input of the gate bias amplifier (U203). 





c. U203 is a high gain operational amplifier with both its inverting and non-inverting 
inputs at + 8V. The inverting input, therefore, draws little or no current. This results in a 
4V drop across the selected range resistor (or .4V for the 30MQ range). 


d. A current is then generated that is proportional to the value of the range resistor and 
the voltage drop across the range resistor. For example, refer to the first circuit shown in 
Figure 1-8-G-4. Notice that the negative input to U202 is + 12V. Also notice that the negative 
input to U203 is + 8V because it follows the positive input. This leaves 4V to be dropped 
across the range resistor. In this example, therefore, the ohms current is ImA (4V/4kQ). 
In the second circuit, the ohms current is .ImA (4V/40kQ). 


e. The ohms current is applied to the unknown resistance through the output PMOS FET 
(in U102) and high voltage protection circuitry, to the Q/V HI input terminal. The various 
ohms ranges, currents, ranges resistors, and closed FET switches are listed in Table 1-8-G-1. 

Table 1-8-G-1. Ohms Current and Ranges 


Range Resistor 
Resistor Voltage FET Switches Enabled 
ImA ay 


4k (RRS) OOR, S2R, S3R, S6R, S7R, S14R 








TmA 40k (RAG) ay SOR, S2R, S3R, SBR, SOR, S14R 
400k (RR7/} 4\y' SOR, S2R, S4R, S1OR, S11R 
4M (RRB) ay SOR, S2R, 512R, S13R 
4M (RR8) 4AM S1R, SSR, S12R, ST3R 
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1-8-G-21. Voltage Reference (U201). The following explanation is tor the voltage reierence 


eircultry. © 


a. The voltage reference (U201) is a non-inverting amplifier with a X1.5 gain, The output 
of U201 is +12V for the 3002 to 3MQ ranges, and +8.4V for the 30MQ range. The 1.5 
gain factor is determined by R201 and feedback resistors RR3 and RR4. Since the combined 
series resistance of RR3 and RR4 is approximately 20kQ and R201 is 40kQ, the 1.5 gain is 
calculated as follows: 20k/40k + 1. 





b. The +12V output is generated by applying +8V to the amplifier input. The +8V 
input 1s derived from the + 10V reference and the voltage divider action of RRO, RR1, and 
RR2. The +8V appears at the junction of RRO and RR1 and is input to U201 by closing 
switch SOR. 


c. The +8.4V output for the 30MQ range is generated by applying +5.6V to the input 
of U201 (5.6 x 1.5V=12V). Like the +8V input used for the other ranges, the +5.6V is 
generated by the + 10V reference and the voltage divider of RRO, RR1, and RR2. The + 5.6V 
appears at the junction of RR1 and RR2 and is input to U201 by closing switch SIR. 


1-8-G-22. Buffer (U202) and Range Resistors (RR5-RR8). The U202 buffer is a non-inverting, 
X1 gain amplifier whose output is either +12V or +8.4V (+8.4V is for the 30MQ range 
only). The gain is selected by FET switch pairs S6R/S7R, S8R/S9R, SIOR/SIIR, or 
SI12R/S13R. The range resistor selected determines the ohms current value as noted in 
Table 1-8-G-1. 





1-8-G-23. The gate bias amplifier (U203) and output PMOS FET (in U102) provide a high 
output impedance for the ohms current source. A high output impedance is necessary to 
prevent measurement nonlinearity. 


1-8-G-24. Overvoltage Protection Circuitry. This circuitry protects the ohms current source 
from high voltages inadvertently input to the HP 3421A while it is in the ohms function. 
The circuit operation is as follows: 


a. If a large positive voltage 1s applied to the Q/V HI Terminal, it will reverse bias CR201 
and thereby prevent damage to the current source. 


b. If a large negative voltage is applied to the 2/V HI Terminal, it is dropped across R204, 
L201, CR201, R203, and R202 to FET Q205 (which acts like a diode). This causes Q205 
to conduct which clamps the base of Q202 to — .7V. This turns on Q201, Q202, Q203 and 
Q204. Since the circuit that generates the ohms current cannot tell the difference between 
a valid unknown resistance and a large negative input voltage, Q201 and Q203 never 
conduct more current than is generated by the ohms current source. Additionally, most of 
the large negative input voltage is dropped across R202 and R203. 


c. R204 and L201 limit initial current pulses that could exists under static discharge 
conditions. 


1-8-G-25. AC to DC Converter 
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1-8-G-26. This circuil converts input ae voltages to de voltages. See Figure 1-8-G-5. input 

* signals are capacitive coupled through C304 and C305. Zener diodes CR302 and CR303 pro- 
tect the coupling capacitors from input voltages greater than 12 volts. U301A and U30Ib 
and associated components form a full wave rectifier. The ac input is applied to the inver- 
ting input of U301A through R302. During the positive going portion of the input signal, 
the output of U301B (VR) is a negative going signal which is equal in amplititude but 180 
degrees out of phase with the input signal (VIN). At this time VO goes positive with an 
amplitude equal to the summation of the currents produced by VIN/25.2k and — VR/12.6k 
times the feedback resistance of U301A (— 8.4k). During the negative going portion of the 
input signal, CR301 is reverse biased and VR is 0. CR300 provides feedback to prevent U301B 
from going into saturation. VO again goes positive to an amplitude equal to 44 VIN 
(VIN/25.2k times the 8.4k feedback resistance). This results in a full wave rectified com- 
posite Output of the summing amplifier. 


1-8-G-27. After the ac to de conversion, the rectified dc voltage is amplified by U301A and 
then filtered by R305, R306, R307, C301, C302, and C303. The filtered de voltage is 
buffered by U301D and then routed to the ACINS input of the A/D converter. 


1-8-G-28. The input circuitry used for the ac volt function (i.e., the circuitry before the ac 
to dc converter) is the same circuitry that 1s used for the dc volts function. Although the 
input circuitry is the same for the ac and de volt functions, ac volts has only two ranges, 
3V and 30V. The input circuitry operation, however, is essentially the same for both func- 
tions. The only difference is that in the ac function, ac signals are input; in the de function, 
de signals are input. The circuit operation for the input circuitry has already been explained. 
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Figure 1-8-G-5. AC to DC Converter 
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1-8-G-29. AjD Converter 





1-8-G-30. The A/D converter generates a digital representation of de voltages applied to ® 
its input (input ac voltages have been rectified to de voltages before they reach this stage). 

This circuitry consists of an integrator (U401 and associated circuitry), — VREF (CR401 and 

associated circuitry), and the A/D Hybrid (U403). The circuit operation is controlled by the 

CPU (U508). 


1-8-G-31. The A/D conversion method used by the HP 3421A ts called multi-slope Il. This 
method has two states: runup and rundown. The most significant digits of the reading are 
determined during runup, and the least significant digits are determined during rundown. 
The combined time for runup and rundown (integration time) depends on the number of 
digits selected (3 1/2, 4.1/2, or 5 1/2). Multi-slope II is explained in the following paragraphs. 


1-8-G-32. Multi-Slope I] Conversion. In this process an integrator capacitor is charged and 
discharged by an unknown input voltage and known reference. The following explanations 
are for both the runup and rundown states in a 4% digit configuration. 


1-8-G-33. Runup. The runup state for the 4'2 digit mode is illustrated in Figure 1-8-G-6. 
The solid line represents a hypothetical input value; the dashed line represents a larger 
hypothetical input value. Figure 1-8-G-7 shows a simplified schematic of the A/D converter, 
which should be helpful in understanding the circuit operation. 
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Figure 1-8-G-6. Runup Slopes (4 % Digit Mode) 
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Figure 1-8-G-7. Simplified A/D Converter 





1-8-G-34. When runup starts, the integrator capacitor (C410) is charged by the input cur- 
rent develped as a result of the input voltage. The input current is applied to the negative 
terminal of integrator U401. The output of U401 is negative for positive input currents, and 
positive for negative input currents. 


1-8-G-35. The period of time when C410 is being charged only by the input current is called 
a ‘‘no current’’ condition due to the fact that no current, other than the input current, charges 
C410. The resultant slope is called S+0 or S—0. These will be explained later. The first slope 
that results from the input current is S+0 and occurs just prior to time T1. 





1-8-G-36. When time period T1 starts, the S—4 negative current is applied along with the 
input current. The S—4 current is generated within the instrument. Since the input current 
and S—4 have the same polarity, both charge C410 for 10 ALE cycles (or 12 ALE cycles 
for 50 Hz operation). If the input current had the opposite polarity, C410 would still charge 
but the output slope would not be as steep. The reason for this is that the S—4 current is 
usually larger than the input current. 


1-8-G-37. In the previous two paragraphs, the polarity of the S+0 and S — 4 currents and 
where they are generated was explained. This is an important consideration in understan- 
ding multi-slope II conversion. The S + 0 current, which was applied first, resulted from the 
input measurement. The polarity of S+ 0, therefore, depends upon the polarity of the input. 
If there is no input current, then $+0 is zero and the resultant S+0 slope will be flat (see 
Figure 1-8-G-8). The S—4 current was generated within the instrument and its polarity is 
always fixed (negative). Later, the S—0O and S+4 currents are explained. These currents can 
be considered counterparts of the S+0 and S—4 currents. As we will see, the S—0 current 
has the same polarity as S+0, but S+ 4 has the opposite polarity of S—4. This concept should 
become clear in the following explanations. 
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1-8-G-38. At the end of time period [1, the S— 4 current is removed. A ““no current’ con- 
dition (slope S—0O) will then exist for one 1 ALE cycle (or 2 ALE cycles for 50 Hz opera- = 
tion). This corresponds to time period T2. During T2, the charge rate of C410 is determined 
by the input current only, and therefore the slope is not as steep as when both currents were 
applied during time period T1. Notice that the S—O slope has the same charge rate as the 
S +0 slope. This is because S+0 and S—O are both a result of the input measurement. The 
major difference between the two is how they are generated (see paragraph 1-8-G-50). The 
two slopes are selected alternately (S+0,S—1,S +0, etc.) for the ’’no current’’ conditions. 





1-8-G-39, When time T3 starts, the S+4 current is applied for 20 ALE cycles (or 24 ALE 
cycles for 50 Hz operation). The S+4 current is generated within the instrument, as was 
the S— 4 current. S+ 4 has the same value as S — 4, but it has the opposite polarity. Notice in 
Figure 1-8-G-6 that we have two conditions. The charge across C410 that resulted through 
time T2 is much less for the smaller input (solid line) as it is for the larger input (dashed 
line). For the smaller input, C410 discharges through zero and charges in the opposite direc- 
tion during the T3 time period. For the larger input, C410 will discharge but it will not discharge 
through zero during T3. 


1-8-G-40. At the end of time T3, the CPU checks to see if C410 has discharged through 
zero. If a zero crossing has occured, the U403 comparator output (pin 11) will have changed 
states. In the examples shown in Figure 1-8-G-6, a zero crossing occurred for the smaller 
input (solid line), but did not occur for the larger input (dashed line). For the moment, disregard 
time T4 and consider T5. Notice that if a zero crossing did occur, the S—4 current is applied 
during T5; if it did not occur the $+4 current is applied during T5. When a zero crossing 
occurs, the S—4 current applied during TS causes C410 to discharge, cross zero again, and 
charge back to the polarity it had during T1. However, this time the charge across C410 
is greater because S—4 Is applied longer. 





1-8-G-41. In the previous paragraph it was noted that the CPU checked for a zero crossing 
at the end of T3. If it occurred, the S—4 current was applied in the next 20 (or 24) ALE 
time period (T5). If it did not occur, S+4 was applied in that time period. The CPU also 
checks for a zero crossing at the end of T5, T7, and T9. The CPU uses the shorter time 
periods (T4, T6 and T8) to log whether or not the zero crossing occurred and to set up which 
current will be applied next (S—4 or $+ 4). 


1-8-G-42. During T4, the S +4 current is removed and a ‘‘no current’’ condition exists (slope 
$+0) for 1 ALE cycle (or 2 ALE cycles for 50 Hz operation). T4 has the same period as 
T2. The remaining S—0O and $+0 slopes that follow are also 1 or 2 ALE cycles. 


1-8-G-43. Again, refer to Figure 1-8-G-6 and consider the smaller of the two inputs (solid 
line). As previously explained, the CPU checks for a zero crossing at the end of T3, T5, 
T7 and T9. Let’s examine this more closely. At time T5, the S—4 current is applied as a 
result of the zero crossing that occurred during T3. Notice the direction of the zero crossing 
in T3. Also notice that there is a zero crossing during TS, but it 1s opposite to the T3 cross- 
ing. The zero crossing during T5 results in the S+4 current being applied during T7. Thus, 
if there is a zero crossing, its direction will determine whether the S—4 or S+4 current Is 
applied in the next 20 (or 24) ALE time period. 


1-8-G-44. This charging and discharging action continues until the runup operation is 
completed. The CPU then uses the number of zero crossings and when they occurred to 
calculate the two most significant digits of the reading. 
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1-8-G-45. Zero Inputs. Figure 1-8-G-8 illustrates the runup slopes that occur for a zero in- 

- put In the 4% digit mode. Notice that the $S+0 and S—O slopes are flat. The reason is that 
they are a result of the input measurement. And, since the input is zero, there is no current 
during S+0 or S—0Q. 


1-8-G-46. The S—4 and $8 +4 slopes are fixed and generated within the instrument. For a 
perfect zero reading the number of S—4 and $+4 slopes will be identical. 
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Figure 1-8-G-8. Runup Slopes For Zero Input (4% Digit Mode) 


1-8-G-47. S+4 and S—4 Slope Generation. The following explains how slopes S+4 and 
S—4 are generated. 





1-8-G-48. Slope S+4. Refer to the schematic of Figure 1-8-G-9 for the S +4 slope genera- 
tion. Notice that both the Yl and Y2 paths are connected to ground. Since the summing 
node is a virtual ground, no current flows from ground to the summing node. Current does 
flow from the integrator capacitor through the 100kQ resistor to + Vref. This generates a 
negative going output slope. 
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Figure 1-8-G-9. Slope S$+4 Generation 
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1-8-G-49. Slope S—4. Refer to the schematic of Figure 1-8-G-10 for the 5 ~ 4 slope genera- 

tion. Notice that both Y1 and Y2 are connected to — Vref. Since the summing node 1s a vir- ¢ 
tual ground, current flows from — Vref, through Y1 and Y2, and through a 100k) resistor 

to + Vref. This current is generated because the parallel resistance of the two 100kQ resistors 

in the Yl and Y2 paths is smaller than the 100k) resistor connected to + Vref. The current 

through Y! and Y1 divides equally at the summing node and flows to + Vref and charges 

the integrator capacitor. This results in a positive output slope. 
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Figure 1-8-G-10. Slope $- 4 Generation 


1-8-G-50. Slopes 8+ 0 and S— 0 Generation. Refer to Figure 1-8-G-11 forthe S+0 and S—0O 
slope generation. Notice that path Yl connects + Vref to ground through two 100kQ resistors, 
and path Y2 connects — Vref to + Vref through two 100k? resistors. In this configuration, 
current flows in the Y2 and Y3 paths from — Vref to + Vref through two 100k0 resistors, 
and there is no current in the Y1 path. This results in zero volts at the negative input to the 
integrator (assuming there is no input voltage being applied), and therefore no charge Is 
developed across the integrator capacitor. 


1-8-G-51. For the next slope, Y1 is connected to — Vref and Y2 to ground. When this oc- 
curs, current ceases to flow in Y2 and now flows in Yl and Y3 between — Vref and + Vref 
through two 100kQ resistors. This again results in zero volts at the negative input to the in- 
tegrator (with no input applied). 


1-8-G-52. During the discussion on runup, it was explained that the $+0 and S— 0 slopes 
were flat for a zero input. When an input voltage is applied, the S +0 and S — 0 slopes will be 
proportional to the input voltage. S+0 and S—0O are essentially the same slope. The only 
difference is that paths Yl and Y2 are switched when the slopes are switched (Y1 to ground 
and Y2 to — Vref, or Y2 to ground and Y1 to — Vref). 
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Figure 1-8-G-11. Slope $+0 and S$-0 Generation 


1-8-G-53. Runup Time. The runup time differs with the number of digits selected. For the 
3'% digit mode, the runup time is 1/600 second for either 50 Hz or 60 Hz operation and 
is called 0.1 power line cycle (PLC). For 414 digits, the time is 1/60 second (1/50 second 
for 50 Hz operation) and is called 1 PLC. The 5 % digit mode is different. In this mode, 
| PLC is used for the runup time, but it is repeated ten times. The ten readings are then 
averaged to obtain the reading. 





1-8-G-54. Digit Generation. In the 4/2 and 5'% digit modes, the two most significant digits 
are determined during runup. In the 3'2 digit mode, only the first digit is determined. The 
three least significant digits are determined during rundown for all modes. A total of 5 
digits are developed for both the 42 and 5! digit modes. However, in the 42 digit mode, 
the last digit is rounded off and only 4'% digits are displayed. 


1-8-G-55. Rundown. When runup is completed, the input to the A/D is connected to ground 
for the rundown operation. Rundown is used to determine the three least significant digits 
of the reading. 


1-8-G-56. When runup is complete, a charge remains on the integrator capacitor whose 
amplitude and polarity depends upon the last current applied (S +4 or S — 4) and the input 
voltage. By obtaining the value of the remaining voltage the least significant digits of the 
reading can be determined. The voltage value is obtained by applying various currents to 
the integrator and counting the number of times the currents have to be applied for a zero 
crossing to occur. 
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1-8-G-S/7. [he currents applied to the integrator during rundown are called the S- 4, $+4, 
S—3,54+2,S—1, and S+1 currents. The resultant output slopes are the S—4,S +4, S—3, * 
5+2,5—1, and S+1 slopes. These currents are applied in the order in which they are given 

(S—4,5+4, S—3, etc.), with slope S—0O applied between them. The only exception is the 

first S—4 current applied when the voltage remaining across the integrator capacitor after 

runup is positive. The S—4 and S+4 currents have the same value as the S—4 and $8+4 

runup currents, but they are only applied half as long. During rundown, the S—4 and S+4 

slopes are 10 ALE cycles long (as opposed to 20 ALE cycles during runup), and are called 

‘half ramps’’. 





1-8-G-58. Rundown consists of five time periods as shown in Figure 1-8-G-12. Refer to this 
figure for the following explantions. 
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Figure 1-8-G-12. Rundown Slopes 


|-8-G-59. When rundown starts, the CPU determines the polarity of the voltage remaining 
across the integrator capacitor from runup. It does this by checking the U403 comparator 
output (pin 11). If it is low, the voltage is negative; if it is high, the voltage is positive. 


|-8-G-60. If the integrator voltage remaining after runup is negative, S —4 is applied until 
a zero crossing occurs, with the restriction that it cannot be applied longer than three ramps. 
Normally this is long enough to cause a zero crossing to occur. When the zero crossing 
occurs, the comparator changes states, and S—4 is removed within 10 ALE cycles of the 
zero crossing. If Tl is not completed when S — 4 is removed, a ‘‘no current’’ condition (S — 0) 
exists until the end of TI. 


1-8-G-61. If the integrator voltage remaining after runup is positive, S—4 is applied for a 
short period and then removed. The reason for this is because when the voltage left across 
the integrator capacitor is positve, applying S —4 for a longer period could saturate the in- 
tegrator. When S— 4 Is removed, S —O is applied for the remainder of Tl. Notice that S — 4 
is applied first, regardless of whether the voltage across the integrator capacitor is positive 
or negative. This is to ensure that a zero crossing will occur for the $+ 4 slope during T2 
and the remaining slopes that follow. 
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1-8-G-62. 5+41s apphed at the beginning of I[2. It has the same value as S~ 4, but it has 

e the opposite polarity. T2 has the same time period as Tl, and 8+ 41s allowed to be applied 
for a total of three ramps. Like S—4, the $+4 current is removed within 10 ALE cycles 
after a zero crossing occurs. When the S+4 current is removed, a ‘‘no current’’ condition 
exists for the remainder of T2. 


1-8-G-63. At T3, the S-3 current is applied to the integrator. S— 3 is 1/10 the value of the 
S—4 current. The resultant slope is not as steep and it takes longer for a zero crossing to 
occur. Notice that T3 is longer than T1 or T2. The increased period of T3 allows the number 
of times S— 3 can be applied to be increased to seven, as opposed to three for S—4andS+4. 
S—3 1s removed within 10 ALE cycles after a zero crossing occurs and a ‘‘no current’’ condi- 
tion (S—Q) exists for the remainder of T3. 


1-8-G-64. At T4, current S+2 is applied. This current is 1/10 the value of the S—3 cur- 
rent (or 1/100 of S — 4), and it has the opposite polarity. Like the S— 3 current, S +2 is allowed 
to be applied up to seven times to cause a zero crossing. Once a zero crossing occurs, $+ 2 
is removed within 10 ALE cycles. When $+ 2 is removed, a ‘“‘no current’’ condition exists 
for the remainder of T4. 


1-8-G-65. At T5, current S—1 is applied. This current is 1/10 the value of S+2, and it has 
the opposite polarity as well. S— 1 is applied until a zero crossing occurs and is then remov- 
ed within 10 ALE cycles like the previous slopes. When S—1 is removed, $+ 1 is applied 
for 5 ALE cycles (one quarter ramp). S+ 1 is applied instead of ‘‘no current’’ and only after 
the S—1 current. S+ 1 has the same value as S—1 but the opposite polarity. After the zero 
crossing, S+ 1 is removed within 5 ALE cycles. S— 1 is then applied for the duration of TS. 





1-8-G-66. During rundown, a counter within the CPU counts the number of times S— 4, 
$+4,S-—3,8+2,S-—1, andS+1 must be applied for the zero crossings to take place. This 
is used to calculate the three least significant digits of the reading. 


1-8-G-67. Integrator Offset Compensation. The integrator can have offset errors which could 
prevent the S +2 and S — | slopes from crossing zero. To make sure the slopes will cross zero, 
the digital to analog converter (R401 through R406) is turned on before the S+ 2 currents 
are applied. This will null out any offsets from the integrator. 


1-8-G-68. To find out how much the digital to analog converter (DAC) must correct for 
offset errors, the CPU checks the zero crossings during $+ 1 and S—1. Since these currents 
have equal amplitudes but opposite polarites, the zero crossings should occur at a certain 
time. If they do, no offset adjustment is required. If they do not, the appropriate offset 
current is applied just before the S+2 current is applied during the next rundown. This is 
illustrated in Figure 1-8-G-13. 
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Figure 1-8-G-13. Determining the DAC Setting 


1-8-G-69. Rundown Slope Generation. The S—4 and S+4 slopes are generated the same 
as they were for runup (see paragraph 1-8-G-47). The only difference is that they are not 
depen-dent on the input current, only on the S—4 and S+4 currents. 


i-8-G-70. The S—0 slope is generated the same way as it was during runup (see paragraph 
1-8-G-50). The S— 3 and S— 1 currents use the same circuitry configuration as the S — 4 curr- 
rent during runup (see paragraph 1-8-G-49), but each has different resistor values. The resistor 
values are such that the S— 3 current is 1/10 the S—4 current, and the S— 1 current is 1/1000 
the S—4 current. The S+ 2 and $+ 1 current use the same circuitry configuration as the S +4 
current during runup (see paragraph 1-8-G-48). In this case, the resistor values are such that 
the S+2 current is 1/100 the value of S+4 and $+1 is 1/1000 the value of S$+4. 


1-8-G-71. A/D Converter and Reference Circuitry. The A/D converter circuitry consists 
of the A/D hybrid (U403), A/D integrator (U401 and associated circuitry), and the CPU 
(U508). The —10V voltage reference (CR401, U405, U404, and associated circuitry), and 
the +10V voltage reference (U402 and associated circuitry) is considered part of the A/D 
converter. Refer to Schematic | for the following explanation of the A/D converter circuitry. 


a. A/D Hybrid (U403). Refer to the block diagram of Figure 1-8-G-14 for the following 
explanations of the A/D hybrid. 


1. The A/D hybrid contains various latches, decoders, and a clock generator. The 
decoders receive and decode control information from the CPU, and then passes it to 
the latches. The latches then transfer the new information to the various switches within 
the hybrid during each clock pulse. The clock pulses are generated by the clock generator 
which is synchronized by the ALE clock from the CPU. 
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2. The S—4,8+4,S-—3,8+2,8S—1,8+1, S—0, and $+0 currents are developed us- 
* ing resistors RA2 through RA1O in conjunction with the slope switches. 


3. The input to the A/D comparator (inside U403) is connected to the integrator 
output. The comparator is enabled during the high level of the clock pulse from the 
internal clock generator. As the clock makes a high to low transition, the output of 
the comparator is latched, sent through a TTL driver to the CPU. 


4. Depending upon the selected function, the hybrid takes an input directly from the 
input amplifier (for dc volts and ohms), or the ac to de converter (for ac volts). The 
proper selection is made by switches inside the hybrid. 
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Figure 1-8-G-14,. A/D Hybrid (U403) 
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b. AD Integrator (U40/] and associated circuitry). The A/D integrator consists of an 
amplifier (U401) with a feedback capacitor C410. The amplifier is configured as an invert- ©} 
ing amplifier. Thus, the output slopes of the integrator will be positive for negative input 
currents and negative for positive input currents. 





ce. CPU (U508). The CPU controls the operation of the A/D converter and the instru- 
ment. This includes the runup and rundown operations and selecting the correct currents 
(S—4, S+4, etc.). The CPU is discussed in more detail in paragraph 1-8-G-74. 


d. Voltage References. The voltage references provide three stable reference voltages: 
—10V, +10V, and a buffered —10V. This circuitry is shown in Figure 8-G-15 and 1s ex- 
plained as follows: 


1. The — 10V reference voltage is used by the A/D hybrid (U403) to develop the 5S — 4, 
S+4, S—3, etc. currents. The — 10V is developed by amplifier U405, using feedback 
resistor R468 and zener reference diode CR401. 


2. The buffered — 10V reference voltage is used by U403 as a —10V power supply 
voltage. The voltage is developed by the U404 non-inverting amplifier, configured for 
a X1 gain. The U404 input comes from the U405 amplifier which supplies the — 10V 
reference. 


3. The + 10V reference voltage is used by U403 (in conjunction with the — 10V reference) 
to develop the S—4,S8+4, S—3, etc. currents. The + 10V reference voltage is also used 
by the ohms current source to develop a stable ohms current (see paragraph 1-8-G-20). 
The + 10V is developed using inverting amplifier U403 and a 100kQ feedback resistor 
inside U402. 
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Figure 1-8-G-15. Simplified Voltage Reference Circuitry 
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1-8-G-72. Control Logic Circuitry. 


* 1-8-G-73,. This circuitry controls the operation of the entire instrument and primarily con- 
sists of the USO8 CPU and two ROMs (U505 and U506). The operation of the control cir- 
cultry 1s described in the following paragraphs. Unless specified otherwise, refer to Schematic 
2 for the explanations. The control circuitry is described as follows: 


a. Main CPU (U508) Circuitry - paragraph 1-8-G-74. 
b. ROM (U505, U506) - paragraph 1-8-G-76. 
c. RAM - paragraph 1-8-G-77. 

d. Port Expanders (US11, U512) - paragraph 1-8-G-85. 

e. Power Down, Power Up, and Wakeup Logic - paragraph |-8-G-87. 
f. Reset Circuit - paragraph 1-8-G-90. 

g. Counter (U581) - paragraph 1-8-G-92. 

h. Display - paragraph 1-8-G-93. 


1-8-G-74. Main CPU (U508) Circuitry. The CPU has an internal 128 bytes of RAM and 
a clock. The frequency and stability of the clock 1s controlled by the 6.003 MHz crystal (Y501). 
The CPU also has an 1-8-bit bus which serves as both an address and data bus, and two 
1-8-bit ports. The CPU pin assignments are given in Table 1-8-G-2. The major CPU func- 
tions are explained starting with paragraph 1-8-G-75. 


1-8-G-75. Addressing. [The CPU can address up to 16k bytes of ROM by multiplexing the 
data bus (DO-D7) for the lower eight bits of address (AO-A7) and ports PT20-PT25 for the 
upper address bits (A1-8-A13). This extended addressing is required only for ROM. To 
address either the external RAM (XRAM) or calibration RAM (CAL RAM) requires only 
the multiplexing of the data bus to provide 1-8-bits of address (AO-A7). ROM and RAM 
are explained in the following paragraphs. 





1-8-G-76. ROM (U505, U506). The HP 34214 uses two 64k bit NMOS ROMs. The ROMs 
are enabled when their respective EN (enable) line is low. US09 is used to gate PSEN (and 
PT25) to activate the appropriate ROM select line. If PT25 is high and PSEN is low, LEROM1 
is active and U505 is enabled. If PT25 is low and PSEN 1s high, LEROMO is active and U506 
is enabled. The CE line to the ROMs are high unless a ROM is being read. 


1-8-G-77. RAM. RAM exists in five chips. These are: 


U508 CPU - 128 bytes 

. U504 XRAM - 256 x 4 bits 
U503 XRAM - 256 x 4 bits 

. U502 CAL RAM - 256 x 4 bits 
e. USO1 HP-IL - 7 bytes 


Gf: mio & 


1-8-G-78. XRAM. U503 and U504 are used in parallel to create 1-8-bit words (one byte). 
U503 handles the most significant nibble (nibble is 4-bits) and U504 handles the least signifi- 
cant nibble. Both RAMs are backed up by the HP 3421A main battery. 


1-8-G-79. The XRAM ts used to store readings, channel lists, etc.. To read US03 and U504, 
the CPU activates the LRD and HEXR signal lines and specifies the RAM address to be 
read. The address 1s latched by the U507 address latch. The data contained at the specified 
address is then input to the CPU via the data bus. 
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Table 1-8-G-2. CPU Pin Assignments 


Designation 


(HSC) Part of slope select for A/D. 





(HSB) Part of slope select for A/D. 

(HSA) Part of slope select for A/D. 

(HDC/CLK} | High Select DC/Clock for A/D. 

(HRU) High Run Up. This line is high during runup. 


(SA1} signature Analysis (first level). This line is low when rear panei switch segment 1 
| is down. In early instruments (03421-66501 motherboard) this was switch segment 
| 4. When SA1 is low at power on and then goes high, SA1 is entered. When in SA1, 
this port is used for the Start/Stop SA window. SA2, which is the second level of 
signature analysis, is entered after SA1 is running via switch segment 6. 


(SD) Serial Data to display and option boards. 


(LPD) Low Power Down. When this line goes low, the K700 relay will reset and thereby | 
remove all circuit voltage except VBATT. LPD goes low when the front panel switch 
is pressed off, a loop power down is received, or the main battery voltage is low. 


(CLK) | Clock for Display and Digital Option Boards. 


(LEPXO} Low Enable Port Expander 0. When low, port expander 0 (U512) is enabled. To enable 
port expander 1 (U511), this line is driven high, inverted by U510, to activate the 
LEPX1 signal. 


(ATS) | Address Line. When low, this line is gated to develop the enable line for ROMO 
(LEROMO); when high, this line is gated to develop the enable line for ROM1 (LEROM1). 


(A172) | Address Line. This line selects which 4k block of ROM that gets accessed. 


(A111) Address Line. This line is used as a ROM address line or as a line to port expander 
U5117 or UST, 


(A710) Address Line. This line is used as a ROM address line or as a line to port expander | 
U511 or U512. | 





(AQ) Address Line. This line is used as a ROM address line or as a line to port expander 
U511 of U512. 


(A8) Address Line. This line is used as a ROM address line or as a line to port expander 
| U511 or U512. 


| Port Expander Clock. When this line makes a high to low transition, PT20-PT23 to 
the port expanders has command data to be output. When this line makes a low to 
| high transition, PT20-PT23 contains data to be read or written. 


| Program Store Enable. PSEN is gated with PT25 to develop the ROM enable signals 
| (LEROMO, LEROM1). 


| Low Interrupt. An active low signal that is activated by pressing the front panel switch 
| off. When active, the CPU accesses a power down routine in ROM. 


| Read. An active low signal that the CPU activates to read the bus. 
Low Write. An active low signal that the CPU activates to write to the bus. 


Address Latch Enable. A 400 kHz clock generated by the CPU. When ALE is high, 
the bus information is address which ts latched when ALE makes a high to low tran- | 
sition. ALE is also used as a clock by the U403 A/D Hybrid. | 


Reset. When the line is low, the CPU is set to address 3000 Hex. 

Input from A/D comparator used to determine value of readings. 

Input from Counter. 

A bi-direction bus used for both data and the lower 8-bits of the address. 


single Step. This line is normally high via the output of U514 thereby disabling the 
single step function, 


Circuit GND. 
+5V. 
+5V. 
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1-8-G-80. To write to US03 and U504, the CPU activates the LWRT and HEXR signal lines, 
* latches an address into the USO7 address latch, and then sends data to the RAMs via the 
data bus. 


1-8-G-81. The CAL RAM is used to store calibration constants. To write to this RAM, its 
write line is enabled by switching one of the rear panel switch segments to the down posi- 
tion. As long as the front panel switch is on, the CAL RAM receives its power from the 
main power supply. To ensure the calibration constants are not lost if the front panel switch 
is pressed off, battery BTS01 1s used as a backup. 


1-8-G-82. The CAL RAM is addressed in the same manner as the XRAM (1.e., via the mult- 
plexed data bus and U507 address latch). The data, however, is only 4 bits wide, as opposed 
to the 1-8-bit words of the XRAM. 


1-8-G-83. HP-IL RAM. The eight bytes of RAM within the HP-IL chip are used to store 
HP-IL status. As data is received from the loop, it is transformer coupled through T501 
and input to pins 17 and 18 of US0O1. The oscillator between pins 23 and 24 must be operative 
for this data to be clocked in. Pin 16 of U5Q1 is an input for the power-on occurred mask 
which can be read and transferred to the CPU. Likewise, pin 15 indicates whether 50 or 60 
Hz rejection is wanted. 


1-8-G-84. CPU RAM. The 128 bytes of RAM within the CPU is used for internal bookeeping. 


1-8-G-85. Port Expanders (U511, U512). The two port expanders are used in expanding the 
CPU’s capability. The expanders receive their instructions via port PT20-PT23 and the PROG 
line. PT26 (pin 37) of U508 specifies the port expander to be selected. For a low at PT26, 
LEPX0 is high and selects US12. A high at PT26 is inverted by U510 and activates LEPX0 
which selects U511. 





1-8-G-86. Some of the port exander ports have pull-up resistors to ensure they are high at 
power on. Both port expanders have four 4-bit ports which can be used as inputs or outputs. 
The pinout for port expander 0 (U512) and port expander 1 (U511) is given in Table 1-8-G-3 
and 1-8-G-4, respectively. 


1-8-G-87. Power Down, Power Up, and Wakeup Logic. The HP 3421A uses latching type 
relays for input switching on the Multiplexer/Actuator Option and to switch power supply 
voltages. Provisions are made to to open closed relays when power down occurs. 


1-8-G-88. The HP 3421A is designed so that whenever the front panel switch is off (out), the 
input switching relays (K101 and K103) and the power supply relay (K700) are reset, and 
any closed relay on an installed Multiplexer Option is opened. This action ensures that the 
input signal path is open, Anytime the front panel switch is off, HP-IL commands or messages 
will not be recognized. However, if a loop power down occurs, any closed relay on a Multi- 
plexer Option will remain closed as long as the front panel switch is on. Also, if a loop power 
down has occurred, a power up will automatically occur when a new HP-IL frame is 
received, assuming the front panel switch is on when the frame is received. 
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Pin # 








1-&-G-26 





= 


Designation 


PT 70 
PT 71 
PT 72 
PI73 


| PT6O (DATA) 


PT61 (MODE) 


PT62 
PT63 
PT517 (SA2} 


PTS2 (LLB) 


PT53 (LBSO71j 
PT40 (LEPIL) 
PT417 (HEXR) 


| PT42 (HECAL) l 


PT61 (AQ) 
PT62 (BO) 
PT63 (Al) 
PT/O (B11) 
PT #1 (Az) 
PT #2 (B2) 
PT73 (DOE) 


| PT53 (LOAD) 


PT52 (LBS22) 
PT51 (LBS21) 
PT51 (LBS12) 


| PTSO (LBS11)} 


PT43 (LBSO2) 
PT42 (DI2) 


(DIT) 


(DIO} 
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Table 1-8-G-3. Pinout For Port Expander 0 (U512) 


Function 


To R403 (Digital-to-Analog Converter). 


| To R404 (Digital-to-Analog Converter). 


To R405 (Digital-to-Analog Converter). 
To R406 (Digital-to-Analog Converter) 


This line, along with MODE and CLK, select the set/reset state of the appropriate reiays 
depending upon the range and function selected. 


This line, along with DATA and CLK, select the set/reset state of the appropriate relays 
| depending upon the range and function selected. 


| To R401 (Digital-to-Analog Converter). 


To R402 (Digital-to-Analog Converter). 


Signature Analysis (second level). This line is active when the rear panel switch 


segment 6 is in the down position and a specified sequence of events take place (see 
Service Group E). 


Low Low Battery. An active low input from the power supply that indicates the main bat- 
tery is low. 


Input that, along with LBSO2 and DIO, indicates what type of Option Board in slot O. 
Low Enable HP-IL Chip. An active low signal that enables the HP-IL chip. 

High Enable XRAM. An active low signal that enables the XRAM. 

High Enable CAL RAM. An active high signal that enables the CAL RAM. 


Table 1-8-G-4. Pinout For Port Expander 1 (U511) 


Function 


Slot O Option Card Control. 


Slot O Option Card Control. 
Slot 1 Option Card Control. 
Slot 1 Option Card Control. 
Slot 2 Option Card Control. 


| Slot 2 Option Card Control. 


Option Card Control. 


| Load Display. 

| Input that, along with LBS21 and Diz, indicates the type of Option Board in siot 2 
| Input that, along with LBS22 and DI2, indicates the type of Option Board in slot 2. 
| Input that, along with LBS11 and ODI1, indicates the type of Option Board in slot 1 


| Input that, along with LBS12 and DI1, indicates the type of Option Board in slot 1 


Input that, along with LBSO1 and DIO, indicates the type of Option Board in slot O. 


lf a Digital Option Board occupies slot 2, this is an input from the option. If another type 
of Option Board is in slot 2, this line, along with LBS21 and LBS22, indicates the type 


| of Option Board available. 


lf a Digital Option Board occupies slot 1, this line is an input from the option. If another 
type of Option Board is in Slot 1, this line, along with LBS11 and LBS12, idicates the type 
of Option Board available. 


If a Digital Option Board occupies slot O, this is an input from the option. If another type 
of Option Board is in slot 0, this line, along with LBSO1 and LBSO2, indicates the type 
of Option Board available. 
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1-8-G-8Y. There are three different conditions that should help in understanding power down, 
e power up and relay openings. These are as follows: 


a. Condition 1]. Multiplexer Option installed, a channel is closed, and the front panel front 
panel switch is pressed off. This is a manual power down. 


1. When the switch is pressed off, it causes the CPU interrupt (LINT) line to go low. 
Since LINT can only be generated by pressing the front panel switch off, the CPU knows 
that a manual power down is occurring and is programmed to open all relays before 
power is removed. The CPU accesses ROM for the routine it needs to open the option 
relays and to generate the LPD signal. 


2. While the switch is off, the logic circuitry will not respond to any HP-IL command 
or message, including a power up command. 


6. Condition 2. Multiplexer Option installed, a channel is closed, and a loop power down 
command is received over HP-IL. 


1. When the loop power down command is received, the CPU does not open closed 
relays as it does when a manual power down occurs. In this situation, the CPU stores 
the status of actuator and scanner channels in XRAM, and then activates the Low Power 
Down (LPD) signal. 


2. LPD is a signal which causes the K700 power supply relay to reset, thereby remov- 
ing all power from the instrument except VBATT. VBATT ts used to supply power to 
the XRAM and the Wakeup Logic during a loop power down. Prior to sending LPD, 
the CPU checks its actuator and scanner channel status and stores it in the XRAM. 
As long as the front panel switch is on, and a low battery does not occur, the instru- 
ment will wake up when a frame is received over HP-IL. The loop power up sequence 
is explained in the next two steps. 





3. Whenever the instrument is In the sleep mode (which results from a loop power down) 
and a frame is received over HP-IL, a signal is gated which will activate the LPU signal. 
LPU causes the K700 relay to set and thereby restore power to the instrument. 


4. When power is restored, the RESET line of the CPU 1s pulled low (see paragraph 
1-8-G-90). This causes the CPU to go to address 3000 Hex. Since it is now in a Reset 
state, it must input its actuator and scanner channel status that was stored in the XRAM 
prior to power down. 


c. Condition 3. Multiplexer Option installed and a loop power down is received over HP-IL. 
After power down has occurred, the front panel switch is inadvertantly pressed off. 


1. In condition 1, it was explained that relay closures are not maintained when the front 
panel switch is off. Therefore, when the switch is inadvertently pressed off, circuitry 
is provided which allows the CPU to open all relays, even if a loop power down is in effect. 


2. For this condition, pressing the switch off causes a momentary pulse to be gated 
through U531. This activates LPU, which in turn restores power long enough for the 
CPU to open all relays. After the relays are opened, power is then removed. As long 
as the switch is off, HP-IL commands will not be recognized. If, however, the front 
panel switch is pressed on again, messages from HP-IL will be recognized. However, 
the HP 3421A would, under these circumstances, be in a power on state, and would 
have lost its actuator and scanner channel information which it had stored in XRAM. 


1-8-G-27 
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1-8-G-90. Reset Circuit (U514 and Associated Circuitry). [The Reset Circuit causes the RESET 
line of the CPU to be pulled low when a power up occurs as a result of the front panel switch © 
being pressed on or a loop power up occurs. 





1-8-G-9]. Notice that a Reset takes place when a power up occurs, regardless of how it oc- 
curs (loop power up or front panel switch). Thus, the CPU always wakes up in a Reset state. 
When it wakes up, it always checks the XRAM to see what actuator and scanner channel 
status it is supposed to have. If the power on resulted from the front panel switch being 
pressed on, the XRAM will contain no actuator and scanner status information. If, however, 
power is restored as a result of a loop power up, the CPU will have stored its actuator and 
scanner status information in the XRAM before it directed the power supply to remove power. 
This permits the instrument to assume the same actuator and scanner channel status it had 
before the loop power down occurred. 


1-8-G-92. Counter (U581 and Associated Circuitry). The input to this circuitry is capacitive 
coupled from the input amplifier. The output of this circuit is routed to the T1 input of the 
CPU. This allows the CPU to count events over a specified period and thereby compute 
the frequency. Another use of the counter circuitry is the totalize function, where the number 
edges (rising or falling) can be counted. 


1-8-G-93. Display. The display is a liquid crystal type which has four input lines: + 5V, GND, 
Serial Data (SD), and a clock. Data is is serially written to the display by the CPU. The clock 
line, also generated by the CPU, clocks in the serial data. 


1-8-G-94. The display indicates the power on/off state of the instrument, active channels 
on installed options, and error conditions. At power on, it also indicates any self test failures, 
and the HP-IB address if the HP-IB option 1s installed. 





1-8-G-95. HP-IL OPERATION 


1-8-G-96. All interfacing between the CPU and the HP-IL (Hewlett-Packard Interface Loop) 
is performed by the HP-IL chip (U501) and transformer TS01. The transformer transfers 
information between the HP-IL and the HP-IL chip. The circuitry operation is as follows: 


a. The HP-IL chip generates its own clock signal using internal circuitry In conjunction 
an external LC tank circuit that is comprised of L501 and C503. 


b. The CPU addresses U501 by activating the LPIL line. If the operation is a write opera- 
tion, the CPU activates the LWRT line. Depending upon the state of address lines AO-A2 
(pins 3, 4, and 5 of U501), US01 interprets data sent to it from the CPU as the interface 
state (talker, listener) or a frame of data to be sent. 


c. When USO1 is enabled and its RD line is low (LRD active), it can send data to the CPU 
over the data bus. Depending upon the status of AQ-A2, the data may be a frame that was 
received from the HP-IL, or status about the state of the interface. 


d. The CPU continuously checks and updates U501 for incoming HP-IL data. 
e. In early instruments (03421-66501 motherboard), there were several additional 


components used in the HP-IL circuitry see schematic in Section VII. These components 
were primarily used for filtering and overvoltage protection in early instruments. 
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1-8-G-97. REAR PANEL SWITCH 


* 1-8-G-98. The rear panel switch has eight segments. Accessible from the rear panel are the 
segments for Power On SRQ (segment 3), 50Hz or 60Hz line rejection (segment 5), and Calibra- 
tion RAM Write Enable (segment 8). Other switch segment used are for signature analysis 
(segments | and 6). In early instruments (03421-66501 motherboard) switch segment 4 was 
used instead of switch segment 1). The remaining switch segments are not used. 


1-8-G-99. POWER SUPPLY 


1-8-G-100. The power supply receives its power from either the +6V main battery (BT701) 
or the ac line. The power supply circuitry generates the following voltages: 


+5V 
+ 15V 
SV 
VB (same as VBATT but switched) 
VBATT (same as VB but unswitched) 


[-8-G-101. Line Voltage Selection. There are four terminal posts on the primary side of the 
transformer that are used to select the proper line voltage. This is done by pressing a connec- 
tor onto the terminal which corresponds to the line voltage that will be used. The ac line 
voltage that can be selected are as follows: 





Line Voltage Terminal 

86-106 Volts 100 
104-127 Volts 120 
190-233 Volts 220 
208-250 Volts 240 


1-8-G-102. [he main battery is always being charged when the power cord is plugged into 
the appropriate ac outlet (assuming that the battery and ac line fuses are installed). The bat- 
tery charge rate, however, depends upon whether or not the HP 3421A power switch is on, 
and the type of circuit operation being performed. The maximum charge rate occurs if the 
power cord is plugged into an ac outlet and the front panel switch is pressed off. 


1-8-G-103,. When the main battery is fully charged, it supports portable operation for ap- 
proximately 12 hours if the HP 3421A is equipped with HP-IL, or for approximately 6 hours 
if the Model HP 3421A is equipped with optional HP-IB. A discharged battery (<5.8V and 
>1V) can take about 16 hours to obtain a full charge if the front panel switch is off. If 
the front panel switch is on, it can take about 21 hours to obtain a full charge. 


1-8-G-104. The main battery is independent of the CAL RAM battery (BTS01). The CAL 
RAM battery provides power to the CAL RAM during power down to maintain the calibra- 
tion constants stored in the CAL RAM. Thus, the CAL RAM battery is required only when 
the front panel switch is pressed off, or a loop power down command is received. The 
CAL RAM battery has a life of about five years and is not re-chargeable. 


1-8-G-105. Low Battery Detect. This circuitry is shown in Figure 1-8-G-16. Its purpose is 
to generate the Low Low Battery (LLB) signal when the main battery is low. LLB goes ac- 
tive whenever VB drops to below 5.8V. 
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l-§-G-106. When LLB voes active, the instrument requests service from the system controller 
and turns on the error indicator in the display. Then, after approximately three minutes, 
the HP 3421A will power down. Executing commands during the three minute period will 
vary the actual time of power down. During this three minute period, the instrument will 
execute all commands sent to it except for the following: 


TOTalhze [channel number] 
Monitor High <digital bit > 
Monitor Low <digital bit> 
MoNitor <slot number > 

Digital Trigger <digital channel > 


|-8-G-107. Once the instrument powers down as a result of a low battery, the front panel 
switch must be cycled after the battery is re-charged. Unless this is done, the power supply 
wakeup logic will be disabled. 


1-8-G-108. If a low battery is detected at power on, display segment 27 and the error in- 
dicator turn on followed by an instrument power down three seconds later. 
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Figure 1-8-G-16. Low Battery Detect Circuit 
1-8-G-109. Battery Charger. The battery charger is a current limited, temperature compen- 


sated, voltage source. A simplified schematic of the battery charger circuit is shown in 
Figure 1-8-G-17. The circuit descripion is given in the following paragraphs. 
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Figure 1-8-G-17. Simplified Schematic Of Battery Charger 


1-8-G-30 
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| 1-8-G-110. When the battery charger is acting as 4 voltage source, U7U2A regulates the base 
current of Q701, which in turn controls the base current of Q700, and thus the output voltage. 
The output voltage is divided by R706, R707, R708 and RT700 and fed back to the negative 
input of U702A. If the output voltage is low, this feedback path increases the base drive 
to Q701. As Q701 turns on harder, Q700 provides more current to the load. If the output 
voltage is high, the feedback path to U702A causes the base drive to Q701 to be reduced, 

which reduces current to the load. 


1-8-G-11]. Ifthe battery voltage is so low that the output voltage cannot be maintained without 
sourcing over .5 A, the battery charger circuit will act as a .5 A current source. The current 
being supplied is sensed by R705. When the voltage on the positive terminal of U702B is 
above ground potential, the sourced current is less than .§ A. However, if the potential at 
the positive terminal of U702B goes below ground, U702B will reduce the base drive of Q701 
and therefore reduce the current output of the battery charger circuitry. 


1-8-G-112. +5V Regulation. The +5V is regulated by a portion of the circuitry shown in 
Figure 1-8-G-18. When a load draws excessive current which causes the +5V to decrease, 
the decrease is felt at the junction of R723 and R724. This causes the ouput of the U700C 
comparator to go high, which causes Q703 to turn on. When Q703 turns on, more drive 
is provided for Q702, providing more current to the load. 













I—  ——  — — Se Santee 
a747 40 tO PROTECTION 
V ‘oo ee 
8 + ath A ——$—_—f a 
| A7e2O T q 
7. 15K 1 | 
V a ik 





| ings 
| 

| 

| 

| 


ae03 9 #18 






Figure 1-8-G-18. Simplified Schematic Of The +5V Regulation, +5V Protection, and +5V Delay Circuit 


1-8-G-113. +5V Protection. This circuit is shown in Figure 1-8-G-17. It’s purpose is to detect 
the current that is drawn from the + 5V supply, and turn the supply off if excessive current 
is drawn. This is explained in the following paragraph. 


1-8-G-114. Current through the load flows through a 1.50 current sense resistor (R717). When 
the load current is not excessive, the output of U700D is at a high impedance state. If the 
load current is high enough, the voltage drop across R717 will cause positive input of U700D 
to be less than the negative input, which makes the U700D output go low. This causes Q703 
to turn off, which also causes Q702 to turn off. When Q702 turns off, the + 5V supply will 
not supply current to the load. 
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1-8-G-115. R721 provides positive feedback to the positive input to U700D to ensure that 

when maximum current to the load is reached, the +5V supply will turn off. When a load a 
draws enough current to cause the + 5V supply to turn off, the positive input to U700D will 

again go higher than the negative input. The ouput, however, will stay low until C704 charges 

(~100 ms). If the excessive load has disappeared, the +5V will stay on; if the load is still 

there, the +5V will turn off again. 





1-8-G-116. +5V Delay Circuit. This circuit is shown in Figure 1-8-G-18. Its purpose is to 
keep the + $V supply off until the + 15V supply has reached at least + 13 volts. This prevents 
damage to to the + 5V supply if it is accidently shorted to + 15V. Whenever the + 15V supply 
is greater than + 13V, CR719 is reversed biased and there is no effect on Q703. Whenever 
the + 15V supply is less than + 13V, CR719 is forward biased causing the Q703 base current 
to be shunted to ground via R728. This will not allow the +5¥V supply to turn on. 


1-8-G-117. —15V and + 15V Generation. These two voltages are generated from VB(~ + 6V) 
by the switching regulated portion of the power supply. Refer to the simplified schematic 
of Figure 1-8-G-19 for the switching power supply operation. 
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Figure 1-8-G-19. Schematic Of The Switching Power Supply 


1-8-G-118. At turn on, the capacitor at the base of Q70S5 act like a temporary short which 
keeps Q705 turned off. As the capacitor charges, Q705 conducts which turns on Q704, With 
Q704 turned on, a magnetic field starts building up across the primary of T701 (1) which 
is induced into the two secondary windings (2 and 3). The emitter voltage of Q705 then goes 
from OV to positive and turns Q705 off. When the magnetic field on T701 collapses, the 
Q705 emitter voltage then goes to zero. This turns Q705 on again. 


1-8-G-119. As the field around secondary winding 2 collapses, CR712 conducts causing the 
capacitor associated with the + 15V portion of the supply to charge. When the field around 
secondary winding 3 collapses, it causes a positive voltage to be applied to the emitter of 
Q705, causing Q705 to turn off. When Q705 turns off, it causes Q704 to turn off. At this 
time the field around the primary collapses, forward biasing CR711 and charging the filter 
capacitor associated with the negative portion of the power supply. Q705 and Q704 then 
turn on again and the cycle repeats. 
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1-8-G-120. It is the flyback energy of the transformer that generates the + 15V and - I5¥V. 

e The —15V supply is used as the master regulator. That is, under a no load condition, the 
15.5V zener diode which connects to the base of Q705, holds the base at about +.5V. If 
an excessive load causes the — 15V supply to swing in a positive direction, the base of Q705 
also swings in a positive direction, causing it to conduct longer, and thereby increase the 
current to the load. 


1-8-G-121. The + 15V portion of the supply is regulated only as a result of the regulation 
of the —15V supply. That is, if the +15V supply has an excessive load but — 15V supply 
does not, the +15V can be loaded down. However, if the —15V supply has a load that is 
more than the +15V supply (or at least equal to it), both supplies can be regulated within 
2% of each other. In the HP 3421A, the —15V supply has the largest load. 


1-8-G-122. Power Down Circuit. This circuit is used to remove all power to the HP 3421A 


circuitry except for VBATT. A simplified schematic of this circuitry is shown in Figure 
1-8-G-20, and is explained in the following paragraphs. 
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Figure 1-8-G-20. Simplified Schematic Of Power Down Circuitry 


1-8-G-123. This circuitry is activated when the CPU sends the LPD (Low Power Down) signal. 
This occurs when the front panel switch is pressed off, or when a loop power down com- 
mand is received. When LPD is asserted, the output of U700B goes high. This turns on Q706 
which resets (opens) K700. Since K700 is a latching relay, once it is reset, it remains reset 
until the LPU (Low Power Up) signal causes it to set again. When K700 resets, power is 
removed from the +5V, + 15V, and —15V supplies. VB is also removed. VBATT, however, 
is not removed. The only difference between VB and VBATT is that VB is switched in and 
out of the instrument circuitry by K700, while VBATT is always applied, regardless of the 
state of K700. VBATT is used in the wake up logic and at the D input of the U701B one-shot 
to activate the LPU (Low Power Up) signal which is explained next. 
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i-8-G-124. Back-Up Power Down Circuit. [his circuit is used to back up the main power 

down operation explained in paragraphs 1-8-G-122 and 1-8-G-123. Its main purpose is to & 
power down the HP 3421A if for some reason the CPU does not send the LPD signal. A 

simplified schematic is in Figure 1-8-G-21, and is explained in the following paragraph. 





1-8-G-125. This circuit is activated when the LINT line is set low. This happens whenever 
the front panel switch is pressed off. The low LINT line then triggers one-shot U701A after 
a delay that is developed by a resistor and capacitor connected to the line. The reason for 
the delay is to give the main Power Down circuit a chance to operate. Remember, the back 
up circuit is only used if the LPD signal is not developed by the CPU to power down the 
instrument. After U7OIA Is triggered, its Q output goes high and turns on Q708, which in 
turn resets K700. Here also, power is removed from the + 5V, +15V, and -15V power sup- 
plies when K700 is reset. 





TP Vag 
F/aK 7/00 
a TO +5V, 
BATT +15V & —i5V 
SUPPLIES 
BATT 
From LINIT 
CPU 





3421 5 8-G-ei 





Figure 1-8-G-21. Simplified Schematic of the Back-Up Power Down Circuitry 


1-8-G-126. Power Up Circuit. This circuit is used to restore VB, +5V, +15V, and — 15V 
to the HP 3421A. A simplified schematic of the power up circuitry is shown in Figure 1-8-G-22 
and is explained in the next paragraph. 


1-8-G-127, This circuitry is activated when the CPU sends the LPU (Low Power Up) signal. 
This occurs when the front panel on/off switch is pressed on, or when a loop power up 
command is recognized. When LPU is asserted, it trigger the U701B one-shot multivibrator. 
This turns on Q707 which sets (closes) the K700 relay. When K700 is set, VB and power 
tothe +5V and +15V supplies is restored. As noted under the explanation for Low Power 
Up, K700 is a latching relay. Therefore, when it is set, it will remain set until it is again reset. 
This means that LPU and LPD need only be asserted for a short time to set and reset K700. 





1-8-G-34 


HP 3421A Service 


ra TP Va 
F/oK /00 


TQ +5¥, 


V Batt # i - - +15V 4 -i5V 
SUPPLIES 
= 


SET BATT 
+0 Q ) te 
LOAD \ Ke 
\I/ 


1—-SHOT 


FROM LPU 


ene D> CLK Gg 


Figure 1-8-G-22. Simplified Schematic of the Power Up Circuitry 


1-8-G-128. Reset Switch. This circuit is a master instrument reset. If the instrument is powered 
up and switch S700 1s pressed in all power (except CAL BATT) is removed from the HP 
3421A circuitry, including VB, VBATT, +5V, +15V and —15V. When S700 is released, 
power is restored to all devices. Typically, an instrument reset would be necessary if the HP 
3421A gets hung up and will not respond to any commands. 
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* SERVICE GROUP H 
MNEMONIC TABLE, BLOCK DIAGRAM, COMPONENT LOCATOR, 
AND SCHEMATICS 


1-8-H-1. INTRODUCTION 


1-8-H-2. This service group contains a signal mnemonic table, detailed block diagram, 
component locator, and schematics. 


1-8-H-3. Mnemonics 


1-8-H-4. The signal mnemonics used on the schematics and other places in this manual are 
listed in Table 1-8-H-1. 


Table 1-8-H-1. Signal Mnemonics 


AO-Az2 These lines are set high to read from, or write to, digital options. |U511 pins 19,17,14, Schematic 2. 


ALE Address Latch Enable. U508 pin 11, CPU, Schematic 2. 
400 kHz output clock of U508. 


BO-B? These lines are used by digital options to latch digital output |U512 pins 18,13,15, Schematic 2 
data. Latching occurs on the rising edge. 





DIO-DI2 Digital Input. Serial data from digital options. Digital Option Boards. 


DOE Digital Output Enable. U5171 pin 16, Schematic 2. 
Enables Digital Outputs. 


HCP High Comparator Out. U403 pin 11, Schematic 1. 
HDC High DC. U508 pin 31, CPU, Schematic 2. 


HDS? High Data Select. Used by digital options to specify serial or |U512 pin 5, Schematic 2. 
parallel mode. Serial mode is specified when HDS2 is O and 
parallel is specified when HDS2 is 1. 


HECAL | High Enable Calibration RAM. U512 pin 4, Logic Circuitry, 
Enables Calibration RAM. schematic 2. 


HEXR High Enable X RAM. U512 pin 3, Logic Circuitry, 
Enables X RAM. Schematic 2. 


HRU High Run Up. This line is high during run up. U508 pin 30, Logic Circuitry, 
Schematic 2. 


HSA Part of slope select for A/D. U508 pin 32, Logic Circuitry, 
Schematic 2. 


HSB Part of slope select for A/D U508 pin 33, Logic Circuitry, 
schematic 2. 


HSC Part of slope select for A/D. U508 pin 34, Logic Circuitry, 
schematic 2. 


LBSO1/LBS02 | Low Board Select 01/02. These two lines identify the siot | Option Boards. 
LBS11/LBS21 | slot number and the type of option occupying a slot. 
LBS21/LBS22 
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Service 


| -8-H-2 


| LCWRT 


| LEPXO 


LEPX1 


LEROMO 
LEROM1 


LINT 


LLB 


| LPD 


| Lei 
LPU 


| LRD 


LRST 


LWRT 


SAT 


3D 


VB 
VBATT 


VCC 
VDD 
VSS 


Table 1-8-H-1. Signal Mnemonics (Cont'd) 


|_Mnemonic | afin 


| Low Calibration RAM Write. 

| This line can only be activated when the rear panel switch 
| segment 8 is in the down position and the CPU is performing | 
a write operation. This line allows the CAL RAM to be written | 
' to. This function is used for calibration. 


/Low Enable Port Expander 0. 


Enables Port Expander O (U512). 


Low Enable Port Expander 1. 


This signal is used to enable Port Expander 1 (U511)} and is 
active when LEPXO is high. 


Low Enable ROM O. Enables ROM O (U506). 


Low Enable ROM 1. Enables ROM 1 (U505). 


Low Interrupt. When low, this line causes the CPU to open 
any closed relays. This line can only be asserted when the 
front panel switch is turned “‘OFF”, 


Low Low Battery. This signal is activated when the main 
battery voltage drops to <5.8V. 


| Low Power Down. A low signal generated by the CPU 


which causes the power supply to remove all power except 


VBATT and CAL BATT. Signal is activated when the front panel | 
switch is turned ‘OFF’, or a loop power down command is | 


received. 


Low Enable Interface Loop. 
Enable signal for HP-IL chip (U501). 


| Low Power Up. This signal triqgers the U/O1B one shot 


multivibrator which sets K7O0O and restores all power to the 
instrument. 


Low Read. This line enables HP-IL chip, Calibration RAM or 
X RAM for a CPU read operation. 


Low Reset. When this line goes low, the CPU is set to 


| address 3000 Hex. RESET occurs when the front panel 


then released. 


| Low Write. This line enables HP-IL chip, Calibration RAM or 


XRAM for a CPU write operation. 


Signature Analysis. 

This line is activated by placing the rear panel switch 
segment 1 in the down position and performing a specified 
sequence of events (see Service Group E). On early units, 
this was done with switch segment 4. 


Serial Data. Data to display and option cards. 


Main Battery Voltage (switched). 

This is the main battery voltage Schematic 3 which is 
removed from the 3421A when the front panel switch is turned 
“OFF”. 


Main Battery Voltage (unswitched). 

is the main battery voltage that is removed from the instru- 
ment only when the rear panel switch is held in. VBATT ts not 
removed when the front panel switch is turned ‘‘OFF’’. 


| +5V (same origin as VDD). 


+5¥V (same origin as VCC). 


| Ground. 





(U508 pin 37, 
| Schematic ?. 


fU512 pin 2, 


/U531 
‘Schematic 2. 


'U514 pin 1, 
| Schematic 2. 
| switch is turned on, or the rear panel switch is pushed in and | 


'U508 pin 
Schematic 2. 


motherboard, 


Ee 


Origin 


Schematic 2. 


Logic 


U510 pin 6, 
Schematic 2. 


Logic 


U509 pin 3G, 
Schematic 2. 


Logic 


U509 pin 11, 
Schematic 2. 


Logic 


Switch S502, 
Schematic 2. 


Logic 


5501 segment 8, Rear Panel Switch, 


HP 3421A 





Circuitry, 


Circuitry, 


Circuitry, 


Circuitry, 


Circuitry, 


U700 pin 2, Power Supply, 


Schematic 3. 


U508 pin 27, 
Schematic 2. 


Logic 


Logic 
Schematic 2. 
pin 3, Logic 


U508 pin 8, Logic 


| Schematic 2. 


Logic 


TO, Logic 


segment 4. 


Circuitry, Schematic 2. 


Circuttry, 


Circuitry, 


Circuitry, 


Circuitry, 


Circuitry, 


Circuitry, 


$501 segment 1, Schematic 2. On 
‘instruments with a 03421-66501 
this was switch 


(U508 pin 28, Logic and option cards. 


Power Supply, Schematic 3. 





|Power Supply, Schematic 3 


|Power Supply, Schematic 3. 


Power Supply, Schematic 3. 











HP 3421A Service 


1-8-H-5. Block Diagram 

# 1-8-H-6. A detailed block diagram of the HP 3421A is shown 1n Figure 1-8-H-1. This block 
diagram shows various HP 3421A test points, and the voltages at those test points where 
appropriate. 
1-8-H-7. Component Locator 
1-8-H-8. The component locator is located on the apron page of each schematic. 
1-8-H-9. Schematics 
1-8-H-10. There are three schematics for the HP 3421A. The schematics are functionally 
grouped so they can be easily associated to the block diagram. The three schematics are as 


follows: 


Figure Description 


1-8-H-2 





Input Circuitry, Ohms Current Source, 
AC to DC Converter, and A/D Converter. 
1-8-H-3 | Control Logic. 


1-8-H-4 | Power Supply. 
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Figure 1-8-H-1. Detailed Block Diagram 
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IC Power Supply Configurations For Schematic 1 

































AD542KH 1826-0822+D z 4 
Hybrid 10H5-0085 33 22 31 2.5,23,32.41 
LM308 1826-0493 7 A 
LM308 1826-0493 7 4 
LM208 1826-0072 7 A 
LM346 1826-07193 4 13 
LM201 1826-00593 7 4 
OP-O7CP 1826-0635 7 4 
Hybrid 1QF6-0066 14 3 2 AP FB, VT, 21 
LM 741 1826-0271 4 7 
| OP-O7CP 1826-0635 4 J 
Grid Locator For Schematic 1 
Reference Reference Reference Reference Grid 
Designator | | Designator Designator Designator Column 
G CR301 F Q204 G R310 G 
G CR302 G Q205 G R401 F 
G CR303 G R101 G R402 F 
CR401 b R102 G R403 F 
G CR402 E R103 F R404 F 
G E101 F R104 F R405 F 
G J100 D R105 G R406 F 
G J710 E R106 G R407 £ 
G J120 F R107 F R408 , 
F JM101 G R108 . R409 F 
F JIM102 (+5) F R109 = R411 F 
F JM103 G R201 G R412 F 
G JM201 F R202 G R438 F 
G JM301 G R203 G R439 F 
F JM302 » R204 G TP400 {- 10) F 
F JM401 E R205 G TP401 F 
E JM501 (HCP) E R206 G W101 G 
EF JM404 (HSA) - R300 G U102 G 
F JM403 (HSB) | = E R301 G U201 G 
E-F JM402 (HSC) | E R302 F U202 G 
F K101 ~ R303 E U203 G 
F K102 F-G R304 F U301 F-G 
F K103 G R305 F U401 F 
F L201 G R306 I U402 F 
E Q201 G R307 F U403 F 
G Q202 G R308 G U404 F 
G 0203 G R309 G U405 F 
F-G VR101 ' 














OPTION 


Fil lINPUT CIRCUITRY 


AeD CONVERTER OHMS SWITCHING 
| REFERENCE SUPPLIES SHO = 


| Ac TO Dc 
@9421-66511 
ERC 2604 


+5 





| 
Be ; INPUT CIRCUITRY 
| 
| 
| 


HIGH VOLTAGE 


a site PROTECTION 


Z\ THIS INDICATES A CHANGE FROM THE ORIGINAL DESIGN. 





OHMS CURRENT SOURCE 


1 SEE MOTE a 
12 


L2B1 OVERVOLTAGE PROTECTION 
ats, = TY 
. a "] — 

Se 
eS 
24x reas 
LE 
a 


WOTE J: INPUT PATH SHOR FOR 
3VOC RANGE 


NOTE @: AMPLIFIER GAIN OMLY, 
OVERALL CIRQUIT GRIN 1h: 


iia 
mow 


aq R aya’ 


Bu 
faa 


MOTE Bs 


4 


ai 
SET, 
Ls] 
aay 
RAMGES. 


KIEL & Kige@ ARE RST. 


P-HIRE FUNCTION, 
KIBE & Ki? ARE SET, 
KIGG IS RSET. 

4-KTRE OMFS FUNCTON, 
KiG@ I8 SET. 

KBE & KG ARE RESET, 


= 
un 
o 


23,8 
eoteee 
a 
504 


L 


. 
8 


INPUT VOLTAGE RANGE SWITCHES 
(S404N IN SET) 


SEF MOTE 3 


THE NUMBER CORRESPONDS TO THE CHANGE NUMBER IN SECTION VII, 


wae A 
GATE BIP 


AMPL 


Ch of 9) 


PO (ie 





AeD CONVERTER 





a 
















+ riSiv INTEGRATOR 
+ cRiai tL caip 
at +5 in 
' Leah = ¢e i 
Locrc i? . 7 
| a 
a 
Caic 
$7 
Ai 
a as 
Inne | 
" <2 | HA i 
Jr4i3 
tiliv REF F “S| wes nes 
Aji Jie “F] we 
s JPEG! Ho 
nev dee -3V Ke | (E> 
a ” aS 
pee a 
= fe 
oi = —————————. BRT 
FM 
een) POPTION 
i BRD = 
L4@ pT 
- INPUT 
- 4 . i i 
z JH 
—<—as 3 ce * D i Ty Te tp = {SV 
FHPLIFIER GAIN 
(See Mote Z) 
.3¥ RANGE = 39.3 
7 RANGE = 9.39 
aoey RANGE = 393 AC TO DC CONVERTER 
cRaee Frage 
A a} 7 SUMAING STAGE SUFFER 
JM Roe 
ra ae 8.4 
FILTER 
- = CJ CT 
TU a 
i Pa 
= 2.6K ae 
' an 4. 
im oH ; =: 
| {E> Be 
A 
wo oe ) etacis: 
ax op] Seats: 
OTR = op | LE Iftee: 


COPYRIGHT 1992 BY HEHLETT-PACKARD COMPANY — 9421 5 IArLCRED 


Figure 1-8-H-2. Input Circuitry, Ohms Current Source, 
AC to DC Converter, and A/D Converter 
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Figure 1-8-H-3. Control Logic 
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Reference Grid Reference Reference Grid Reference 
Designator Column Designator Designator Column Designator 








C700 A CR/08 B QO703 B R725 B 
C701 | A CR709 B O704 A R/26 A 
C702 A, CR710 A-B Q705 B R727 A 
C703 A, CR711 B 0706 B R728 A 
C704 A, CR712 B Q707 B R729 A 
C705 B CR713 A-B 0/708 B R730 B 
C706 B CR/14 A R/QO0 A, R31 A 
C707 B CR715 B R701 A R732 B 
C708 B CR/16 B A/O2 B R733 A, 
C709 B CR/17 A R703 B Ri34 A, 
C716 B CR718 B R704 B R735 A 
C711 A-B CR/19 A R705 A R736 B 
C712 A, F700 G R706 B RT 7OG A-B 
C713 B FX /OO G R707 B 5700 B 
C714 B FXO 7 A R708 B T700 A 
C715 B J700 A R709 B T/O1 B 
C716 B J/01 A R710 B TP+5¥V B 
C717 A J702 A R711 A TP+ 15¥ 5 
C718 A, JM102 F R712 A TP—1$¥ B 
C719 B JM700 (LLB A R713 B TPBATT G 
C720 A JM701 (+ 15) B R714 A TPLPD B 
C721 A JM7O2 (— 15) B R715 B TPLPU B 
C722 A, JM70O3 (+5) B R716 A TPREF B 
G23 B JIM7O04(VBATT) B R/lé A TPVB A, 
CR700 A JM70O5 (LPD) B R718 A TPVBATT A 
CR/0O1 A JM706 (VB) B RIFTS A, TP700 A 
CR/702 A, JIM707 B R720 A TP?713 A 
CR/O3 A K 700 B R721 A U/O0 B 
CR704 A, L700 A, R722 A U7OT B 
CR705 B Q700 A R723 B U702 B 
CR/O6 B Q701 A R724 B U7O3 B 
CR7O? B Q702 B 
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CHAPTER 2 
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MODEL 44462A 
(OPTIONS 020, 021, AND 022) 
MULTIPLEXER/ACTUATOR ASSEMBLY 


Engineering Revision Codes (ERCs) 


[his chapter applies directly to Multiplexer/Actuator Assemblies with an 
engineering revision code of 2421. See Section VII of this chapter if your 
assembly has an ERC lower than 2421. If the ERC of your assembly 1s 
above 2421, updating information may be on a yellow MANUAL 
CHANGES supplement(located at the front of the manual). 


The information in this manual is to be used by qualified service trained 
individuals only. To avoid personal injury, do not perform any procedures 
in this manual, or perform any servicing of the instrument or its options, 
unless you are trained in electronic circuitry and understand the hazards 
involved. 





The HP 3421A uses latching relays on the Multiplexer/Actuator Option 
(020, 021, or 022) and on the mainframe. The state of these relays can 
only be altered under program control. This is an advantage in the sense 
that, under most conditions of failure, the relays will remain in whatever 
state your program has set them, However, in case of power or equip- 
ment failure, any application requiring a failsafe method of insuring that 
circuits under control are in a known state must be provided by the 
installer. 


If a Multiplexer/ Actuator Assembly is installed in the HP 3421A, depen- 
dent on the configuration, any voltage connected to the assembly may 
also appear on the Model 3421A’s front panel terminals. Make sure you 
do not touch the terminals if any high voltage is connected to the assembly, 
or personal injury can result. 





Operation HP 3421A 


2-3-7, When operating with HP-IL, most commands will **hold-up’* the computer until all 

readings have been taken. For example, suppose you have three Multiplexer/Actuator @ 
Assemblies installed and you program the instrument to take 30 readings (one reading from 

each channel). With a reading rate of about two per second, 15 seconds are required to take 

all 30 readings. The computer can not perform any task while the instrument is making the 

measurements. 


2-3-8. With the HP-IB Option installed, a switch on the option enables and disables buf- 
fered transfers. This switch is factory reset to disable buffered transfers (switch up). In the 
up position, the HP-IB interface acts similar to the HP-IL interface, holding up the com- 
puter until all measurements are made. With the switch in the down position, buffered transfers 
are enabled. This releases the computer while the instrument is making measurements. 
However, if the computer attempts a subsequent communication operation on the HP-IB 
interface with the HP 3421A present, the transfer will be held until the measurement func- 
tion is complete. The buffered transfer mode provides the fastest transfer of information. 


2-3-9. Commands 


2-3-10. Commands sent to the instrument instruct it to perform some specified task. At the 
end of this section is a list of commands that are used with the Multiplexer/Actuator Assembly. 
Commands fall into two categories: standard and advanced. 


a. Standard commands set up the instrument and then complete a measurement task. For 
example, the command DCV2,7-9 causes the instrument to take DC Voltage measurements 
on channels 2, 7, 8, and 9, and store the readings in its internal memory. One command 
causes a complete measurement task to be performed. 





b. Advanced Commands provide additional flexibility, but they do not perform a com- 
plete measurement task. These commands perform only one aspect of a measurement. Ad- 
vanced commands are suitable for those who wish to tailor their system for some particular 
requirement. 


2-3-11. Channel List Rules 


2-3-12. The channel list specifies the order in which channels will be measured. The series 
of channels specified must follow these rules. 


a. The default channel list (asserted at power on or reset) consists of all multiplexer chan- 
nels in numerical sequence. The channel list can be loaded with multiplexer channels by the 
DCV, ACV, TWO, FWO, TEM, FRQ, LS or LP commands. It can also be loaded with 
digital input bit numbers by the BIT command. 


b. Channel addresses are separated by commas. However, a dash may be used to signify 
a contiguous set of channels. When using Advanced Commands, any command that specifies 
a channel must be separated from subsequent commands by either a colon (:) or a semicolon 
(;) but not a comma (,). Example: FIRAIZINS5LS5-9:T3. If the last character in the com- 
mand string is a comma, an error will be generated. 


c. No more than 30 channels are accepted into the channel list. Legal channel numbers 
are OO through 29. 
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SECTION | 
GENERAL INFORMATION 





The information in this manual is to be used by qualified service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 


The HP 3421A uses latching relays on the Multiplexer/ Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control, This is an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them. However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known state must be provided by the installer. 


[jf a Muitiplexer/Actuator Assembly is installed in the HP 342/ 4A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals. Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 


2-1-1. INTRODUCTION 


2-1-2. This chapter is intended for use by qualified service trained personnel only. Other 
individuals refer to the ‘‘HP 3421A Operating, Programming, and Configuration Manual’’. 


2-1-3. The installation and service information of the Multiplexer/Actuator Assembly is in 
this chapter. The chapter has eight sections that are assigned as follows: 


Section I - General Information 
This section describes the content of Chapter 2, has a brief description of the Multiplexer/ 
Actuator Assembly and lists its specifications. 


Section II - Installation 

This section explains how to connect, install, remove, and configure the Multiplexer/ Ac- 
tuator Assembly. There is also a procedure for cleaning the circuit board and terminal block 
edge connector. 


Section III - Operation 
This section contains condensed operating instructions for service trained individuals. 


Section IV - Performance Verification and Calibration 
This section contains performance verification procedures for the Multiplexer/ Actuator 
Assembly. 
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General Information HP 3421A 


Section V - Adjustments 
This section normally has the adjustment procedures. However, since the Multiplexer/ Actuator 
Assembly has no adjustments, no procedures will be in this section. 





Section VI - Replaceable Parts 

For ease in obtaining part numbers, all the replaceable parts for the Multiplexer/ Actuator 
Assembly are in Chapter 1 (Mainframe Service Information), Section VI of the manual. Order- 
ing information, and all chassis and mechanical parts are also included. 


Section VII - Manual Changes 

This section contains information to update this chapter for use with Multiplexer/ Actuator 
Assemblies that have ERC numbers different than shown on the title page of this chapter. 
It also adapts this chapter to assemblies that are different than what is described in this chapter. 


Section VIII - Service 
This section contains troubleshooting information, theory of operation, and the schematic. 


2-1-4. OPTION DESCRIPTION 


2-1-5. The Multiplexer/Actuator Assembly provides ten channels for inputting measurements. 
It also has a temperature reference junction for thermocouple compensations. Built-in software 
compensation for T-type thermocouples is provided by the mainframe firmware. Two of 
the option’s ten channels can be configured as actuators for controlling motors, alarms, etc. 
Channel 2 also has a built-in 10:1 voltage divider or attenuator that is normally bypassed, 
but can be selected by jumpers. 


2-1-6. PRINTED CIRCUIT BOARD IDENTIFICATION 





2-1-7. The Multiplexer/Actuator Board 1s identified by the board number and the engineering 
revision code. These two numbers identify the electrical characteristics of the circuit board. 
The engineering revision code and board part number are listed on the schematic, component 
locator, and replaceable parts list. 


2-1-8. In any service related correspondence, identify the printed circuit board by using the 
board number followed by the engineering revision code. For example: 
44462-665 14-242] 


would identify a Multiplexer option circuit board having an engineering revision code of 2421. 


2-1-9. BOARD PART NUMBER AND ERC NUMBERS 


2-1-10. The HP part number of the printed circuit board is etched on the pe board. It is 
a ten digit number, separated by a hyphen into two groups of five digits. The first five digits 
identify the model or assembly number; the last five digits are unique to the assembly. 


2-1-11. The ERC number is on a label which is the only one on the pe board that has a four 
digit number. This four digit code is in the form of YYWW, where YY is the last two digits 
of the year minus 60, and WW is the week. For example, an ERC of 2310 would identify 
a change that was made to the assembly in the tenth week of 1983. Refer to Chapter 1, Section | 
for more information on ERC numbers. 


2-1-12. SPECIFICATIONS 





2-1-13. The Multiplexer/Actuator Assembly specifications are listed in Table 2-1-1. These 
specifications are the performance standards or limits to which the assembly can be tested. 








HP 3421A General Information 


Table 2-1-1. Muitipiexer/Actuator Assembly Specifications 





OPTION 020, 021, and 022 — MULTIPLEXER/ACTUATOR ASSEMBLY REFERENCE JUNCTION COMPENSATION 
Voltage (Scan): Operating Temperature 
23° 45°C Accuracy 
+ 300 V peak Hi-earth, Hi-Lo, any two terminals 
+ 150 V peak Lo-earth Static Environment +1 FE 
250 Vac (+1°C deviations) 
Voltage (Actuate): Dynamic Environment SE 
(5°C step or 5°C/hour maximum 
30 Vde rate of change) 
250 Vac 
2 A Maximum 
150 VA Maximurn Temperature coefficient for 0-18°C/28-50°C operating ranges 
Contact Resistance (Actuate): Add to measurement accuracy: 
< 1.40 .05° for each °C outside of 23°C +5°C 
Thermal Offset (Scan): TYPE T THERMOCOUPLE COMPENSATION 
<3pV Range; — 200°C to + 400°C 
Average Switch Life: Accuracy: includes reference junction error, thermal offset, dvm 


error and curve fit. It does not include wire errors. 
5x 108 operations with proper contact protection 


Maximum Switching Rate: Type T TC Error 
50/sec. on 

Open Contact Capacitance: é 
<15 pF 1s 

Closed Channel Capacitance: ] 
<90 pF with 1 Option O20, 021, of O22 2B 


< 130 pF with 2 Option 020, 021, or O22 
=< 170 pF with 3 Option 020, 021, or 022 — 
-300 -100 100 300 500 


interchannel Capacitance: 
Temperature (°C) 


<30 pF 


0-40°C @ 0-40°C @ 
Isolation Resistance RH =< 65% 65% <RH< 95% 


Temperature Coefficient: 


.O5°C/"C (0- 18°C, 28 —- 55°C) 
HI to LO > 
HI to EARTH = 10:1 ATTENUATOR ON CHANNEL 2 (44469A ASSEMBLY} 





LO to EARTH 
Zin: 1 M2 +1% 
Frequency Response Cin : = 25 pF 
3 dB point, 502 source > 1 MHz Add 1% reading error when using attenuator 


3 dB point, 1 MQ? source >1 kHz 
Maximum Input Voltage for Attenuator 


All relay scans break before make. Relay configuration at 
shipment: 300 V peak 


Actuator Multiplexer Attenutor 
Channels Channels on Channel 2 


0270 - Disabled 
O71 - Disabled 
O22 - Disabled 
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SECTION II 
* INSTALLATION 


The information in this manual ts to be used by qualified service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 


The HP 3421A uses latching relays on the Multiplexer/Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This is an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them. However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known state must be provided by the installer. 


If a Multiplexer/Actuator Assembly is installed in the HP 3421A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals. Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 





2-2-1. INTRODUCTION 


2-2-2. This section explains how to remove, configure, and install the Multiplexer/ Actuator 
Assembly, and how to wire the terminal block edge connector. At the end of this section 
there is a procedure for cleaning the Multiplexer/Actuator circuit board and the terminal 
block edge connector. 


2-2-3. Always use clean handling techniques and anti-static procedures when removing, con- 
figuring, and installing this assembly. If measurements are to made under high humidity 
(> 80%) and/or high temperatures (>32°C or >90°F), the circuit board and the terminal 
block edge connector should be cleaned. Also clean the terminal block edge connector if 
very high resistance measurements or voltage measurements in high impedance circuits are 
to be made. See paragraph 2-2-48. 
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Installation HP 3421A 


2-2-4. INITIAL INSPECTION 


2-2-5, This option was carefully inspected and tested at the factory. If this option was ordered 
separately and needs to be installed in the HP 3421A, visually inspect it for physical damage 

that may have occured during transit. If there is any damage, promptly notify the nearest 
Hewlett-Packard Sales and Service Office. A listing of these offices is located at the end 

of this manual. If the shipping carton is damaged or the cushioning material shows signs 

of stress, notify the carrier as well as the Hewlett-Packard Office, and keep the shipping 

materials for the carrier’s inspection. The sales and service office will arrange for repair or 

replacement of your assembly (at HP’s option) without waiting for the claim against the 

carrier to be settled. 


2-2-6. GENERAL REMOVAL/INSTALLATION PROCEDURES 


2-2-7, The following instructions shows how to remove and install the Multiplexer/ Actuator 
Assembly into the HP 3421A. The option assembly should be removed from the Model 3421A 
mainframe before attempting to reconfigure it. 


2-2-8. Option Removal Procedure 


2-2-9. The following procedure first shows how to remove the instrument’s top cover, and 
then how to remove the options in slots 1, 0, and 2. The top cover has to be removed first 
before any options can be removed. Also keep in mind that if you wish to remove the option 
in slot 0, remove the option in slot 1 first. Do the following: 


When removing Muitiplexer Assemblies, make sure they are re- 
installed in the slots from which they were removed. If this is not 
done, the instrument must be re-calibrated for each Multiplexer 
whose slot location is different than the slot in which it was 
calibrated. 





2-2-10. HP 3421A Top Cover Removal Procedure. Do the following: 


a. Make sure the ac power cord is disconnected from the instrument. Also make sure all 
external sources of power have been removed from the option terminal blocks. 


b. Dependent on which options are to be removed, remove the appropriate strain relief 
and safety cover as follows: 


1. Refer to Figure 2-2-1 and remove the two screws holding the black strain relief bar. 


2. Loosen the two captive screws that hold the grey ‘‘WARNING”’ safety cover. 


3. Loosen the two screws holding the terminal block to the option circuit board and 
then remove the terminal block. 





c. Turn the instrument upside down. This is preferably done on top of a protective mat 
to reduce the possibility of scratching or marring the instrument case. Refer to Figure 2-2-2 
and loosen the six screws on the instrument bottom. 
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HP 3421A Installation 








Figure 2-2-1. Remove Strain Relief and Safety Cover 


LOOSEN SIX SCREWS 





Figure 2-2-2. Loosen Bottom Screws 
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Installation HP 34214 


d. Hold the top cover in place and turn the instrument upright. Then remove the top cover. 





e. Refer to Figure 2-2-3 and locate the battery fuse toward the right rear of the instru- 
ment. Remove it from its socket. Instead of removing the fuse, you can unplug the red wire 


from the battery. If this is done, make sure the wire is placed out of the way and away from 
the battery. 





Figure 2-2-3. Remove Main Battery Fuse 


2-2-11. Slot 1 Option Removal Procedure. Do the following: 


a. Refer to Figure 2-2-4 and unplug the ribbon cable connector from the option in slot 
|. Lift the connector straight up to avoid bending any pins. If the option is a Multiplexer 
Assembly, also unplug the 4-wire VM input cable. If the option is a Digital I/O or Bread- 
board Assembly, it will not have the 4-wire VM input cable. 


b. Locate and remove the four screws holding the option in place. 
c. Remove the option from slot 1. To prevent any recalibration of the option, tag the 


option as option | and make sure the same option board is placed back into the instrument 
into the same slot. 
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HP 3421A Installation 


2-2-12. Slot 0 Option Removal Procedure. Make sure the option in slot | is removed, before 
. removing the option in slot 0. Do the following: 


a. Refer to Figure 2-2-4 and unplug the ribbon cable connector from the option in slot 
0. Lift the connector straight up to avoid bending any pins. If the option is a Multiplexer 
Assembly, also unplug the 4-wire VM input cable. If the option is a Digital 1/O or Bread- 
board Assembly, it will not have the 4-wire VM input cable. 





alti, 


WARNING». 
WARMING: «: 








Figure 2-2-4, Unplug Option Cable(s) and Remove Option Screws 


b. Using a 7/32’’ wrench, remove the four hex screws standoffs as shown in Figure 2-2-5. 
c. Remove the option from slot 0. To prevent any recalibration of the option, tag the 
option as option 0 and make sure the same option board is placed back into the instrument 


into the same slot. 


d. Leave the bottom hex standoffs in place to secure the motherboard to the chassis. 
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Figure 2-2-5. Removing Hex Screw Standoffs 


NOTE 


The hex standof]s securing the motherboard to the chassis are shorter 
than the hex standoffs separating the slot 0 and slot 1 options. 


Some of the first instruments manufactured may have round stan- 
doffs that are riveted to the motherboard instead of the screw-in 
hex standoffs. If the instrument has round standoffs, secure the 
motherboard to the chassis by using the four loose standoffs that 
were used to separate the slot 0 and slot I options and the four long 
screws. These must be in place to make the proper ground connec- 
tion for the motherboard. 


HP 3421A 











HP 3421A Installation 


2-2-13. Slot 2 Option Removal Procedure. [If an option occupies slot 2, do the following: 


ie a. Refer to Figure 2-2-4 and unplug the ribbon cable connector from the option in slot 
2. Lift the connector straight up to avoid bending any pins. If the option is a Multiplexer 
Assembly, also unplug the 4-wire VM input cable. If the option is a Digital 1/O or Bread- 
board Assembly, it will not have the 4-wire VM input cable. 


b. Locate and remove the four screws holding the option in place. 


c. Remove the option from slot 2. To prevent any recalibration of the option, lag the 
option as option 2 and make sure the same option board is placed back into the instrument 
into the same slot. 


d. If an HP-IB or 12 VDC option is present, do not remove it. Leave all metal shields 
in place. 


2-2-14. Option Installation Procedure 


2-2-15. This procedure explains how to install the Multiplexer/Actuator Assembly in the 
instrument. The procedure can be used to install a new assembly or re-install one previously 
removed. 


2-2-16. When re-installing a Multiplexer/ Actuator Assembly, make sure it is returned to the 
same slot from which it was removed. If this is not done, the instrument should be recalibrated 
for the temperature function of each Multiplexer Assembly occupying a new slot. If a new 
assembly is being installed, remember to calibrate the temperature function for each slot. 





2-2-17. When installing both Multiplexer/Actuator and Digital I/O Assemblies, it is recom- 
mended that Multiplexer Assemblies be installed in slots 0 and 1, and the Digital I/O Assemblies 
in slot 2. If there are three Multiplexer Assemblies, they can be installed in all three slots. 
That is, install Multiplexer Assemblies in slots 0 and 1, if there is a choice. 


2-2-18. The following procedure shows how to install the options in slots 2, 0, and 1, and 
also how to install the top cover. Keep in mind that if you wish to install an option in slot 
1, install the option in slot 0 first. Do the following: 


2-2-19. Slot 2 Option Installation Procedure. Do the following: 


a. If the HP 3421A has an HP-IB or 12 Vde Power Adapter Option installed and it was 
not previously removed, place the slot 2 option on top of either the HP-IB or 12 Vdc Power 
Adapter Option. If the Model 3421A does not have either an HP-IB or 12 Vdc Power Adapter 
Option, place the slot 2 option directly on top of the bottom shield’s standoffs. First, however, 
make sure the slot 2 option cable is routed as shown in Figure 2-2-6. The cable’s red stripe 
should be oriented to the the right (pin 7 of the motherboard connector). 


b. Set the slot 2 option in place with the component side up. Then put the four long screws 
in place. Do not tighten the screws at this time. 
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Figure 2-2-6. Slot 2 Option Cable Routing 


c. Plug the appropriate terminal block edge connector onto the slot 2 option. 


d. Install the rear panel cover for the HP-IB or 12 Vdc Power Adapter Option (if ap- 
plicable). 





e. Install the rear panel cover (i.e., the grey ‘‘WARNING” cover) for the slot 2 option. 
f. Secure the HP-IB connector (if applicable). 


g. Align the slot 2 option so that the strain relief can be screwed into place. Screw the 
strain relief loosely into place. 


h. Tighten the four screws that secure the slot 2 option. Do not overtighten the screws. 


i. Using a short cliplead jumper, connect one end of the cliplead to ground. Use the other 
end to short out each pin of the 14-pin connector on the option in slot 2. Then plug the 
ribbon cable into the option. Make sure the red stripe on the cable is oriented to the right 
(i.e,, pin 7 of the connector). If the option in slot 2 is a Multiplexer/Actuator Assembly, 
connect the 4-wire VM cable onto the option. The 4-wire cable should be oriented per the 
label on the circuit board. On the motherboard, the 4-wire cable should be plugged onto 
J100 with the wires oriented as noted on the motherboard. 


2-2-20. Slot 0 Option Installation Procedure. This option should be installed before install- 
ing the slot 1 option. Do the following: 


a. Before installing the slot 0 option, make sure that the four motherboard hex standoffs 
are in place. Do not overtighten these standoffs. Excessive torque (>11 in-lb) could break 
off the screw heads. 
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b. Route the ribbon cable for the slot 0 option as shown in Figure 2-2-7. 


c, Set the slot 0 option in place, component side up. Make sure the cable underneath is 
not pinched. Loosely screw the remaining four hex standoffs in place. Do not tighten the 
four standoffs at this time. 


d. Using a short cliplead jumper, connect one end of the cliplead to ground. Use the other 
end to short out each pin of the 14-pin connector on the option in slot 0. Then plug the 
ribbon cable into the option. Make sure the red stripe on the cable is oriented to the right 
(i.e., pin 7 of the connector). If the option in slot 0 is a Multiplexer/Actuator Assembly, 
connect the 4-wire VM cable onto the option. The 4-wire cable should be oriented per the 
label on the circuit board. On the motherboard, the 4-wire cable should be plugged onto 
J110 with the wires oriented as noted on the motherboard. 


e. Plug the appropriate terminal block edge connector onto the slot 0 option. 
f. Replace the rear panel grey ‘‘WARNING”’ safety cover for the slot 0 option. 


g. Align the terminal block edge connector with the rear panel holes and loosely attach 
the strain relief for slot 0. 


h. Tighten the hex standoffs to secure the slot 0 option. Do not overtighten the standoffs. 





Figure 2-2-7. Slot 0 Option Cable Routing 
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2-2-21. Slot 1 Option Installation Procedure. Make sure there is a slot 0 option installed, 
before installing the slot 1 option. Do the following: © 


a. Route the ribbon cable from J501 on the motherboard across the slot 0 option as shown 
in Figure 2-2-8. Make sure the red stripe is oriented to the right (pin 7 of the motherboard 
connector). 





Figure 2-2-8. Slot 1 Option Cable Routing 


b. Set the slot | option assembly in place. Make sure the ribbon cable underneath is not 
pinched. Then loosely screw four short screws in place. Do not tighten the four screws at 
this time. 





c. Using a short cliplead jumper, connect one end of the cliplead to ground. Use the other 
end to short out each pin of the 14-pin connector on the option in slot 1. Then plug the 
ribbon cable into the option. Make sure the red stripe on the cable is oriented to the right 
(i.e., pin 7 of the connector). If the option in slot 1 is a Multiplexer/Actuator Assembly, 
connect the 4-wire VM cable onto the option. The 4-wire cable should be oriented per the 
label on the circuit board. On the motherboard, the 4-wire cable should be plugged onto 
J120 with the wires oriented as noted on the motherboard. 


d. Plug the appropriate terminal block edge connector onto the slot | option. 
e. Replace the rear panel grey ‘‘WARNING”’ safety cover for the slot 1 option. 


f. Align the terminal block edge connector with the rear panel holes and loosely attach 
the strain relief for slot 1. 


g. Tighten the four screws to secure the slot 1 option. Do not overtighten the screws. 
2-2-22. HP 3421A Top Cover Installation Procedure. Do the following 
a. Before replacing the top cover, first make sure the main battery fuse has been replaced 


or the red wire to the battery has been reconnected. Then locate the six plastic spacers and 
place them on the cabinet screws as shown in Figure 2-2-9. 
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Figure 2-2-9. Plastic Spacer Placement 


b. Set the instrument flat on your work bench. Make sure the bale handles on the front 
feet are collapsed. 


c. Align the top cover and lower it in place. If the top cover does not go into place, make 
sure the front and rear grooves that guide it are properly aligned. If the grooves are aligned, 
one of the plastic spacers is probably out of alignment. To correct this, alternately move 
the top cover back and forth (left to right) until the spacers align properly. 





d. Once the top cover is in place, hold the two halves of the case together and turn the 
instrument upside down. Tighten the six bottom screws. 


2-2-23. STRAIN RELIEF 


2-2-24. The black strain relief bar presses wires and cables connected to the terminal block 
edge connector against a piece of foam on the grey ““‘WARNING”’ safety cover. This pro- 
vides strain relief for cables and wires connected to option assemblies. 


2-2-25. Figure 2-2-10 shows several wires coming from the terminal block of the slot 2 op- 
tion. When installing the bar, loosely attach one end first. Hold the other end down and 
away from the instrument. Leave a small loop in the wires to avoid stress on the terminal 
block connections. This reduces the possibility of breaking the wires at the strain relief. Then 
rotate the bar up and connect the other end. 


2-2-26. For wires smaller than 22A WG, it is recommended that these wires be bundled together 
starting at no more than 4’’ from the back of the instrument. This reduces the possibility 
of breaking the wires at the strain relief. 
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Figure 2-2-10. Strain Relief for Slot 2 


2-2-27. CONFIGURATION JUMPERS 


2-2-28. The Multiplexer/Actuator Assembly has several jumpers that can be divided up in- 
to four groups. The first group configures channel 0 and 1 as either actuators or multiplex- 
ers. The second group is used by the mainframe to determine the configuration of channels 
0 and 1. The third group configures 2-wire or 4-wire Ohms measurements. The last group 
is used to install attenuators in the signal paths; they can only be used for channels 2 through 
ts 





2-2-29. Actuator/Multiplexer Configuration Jumpers 


2-2-30. Several jumpers associated with channels 0 and | are used to configure either of these 
channels as a multiplexer or actuator. Figure 2-2-11 shows the location of these jumpers for 
both older assemblies (with no ERC number, or ERC 2334 and below) and newer assemblies 
(ERC 2421 and above). The older assembly is shown in Figure 2-2-11,A and the new assembly 
is shown in Figure 2-2-11,B. The jumpers in Figure 2-2-11,A need to be cut and a new jumper 
soldered in to change the configuration. The jumpers in Figure 2-2-11,B are flying lead jumpers 
that can easily be unplugged and plugged in to change the configuration. 
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CHANNEL 1 CHANNEL O 
JUMPERS JUMPERS 





Figure 2-2-11. Multiplexer/Actuator Jumper Locations for Channels 0 and 1 
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2-2-3). Figure 2-2-12 shows schematically which jumpers need to be selected to configure 
either channel 0 or | as a multiplexer or actuator. The figure shows how to configure both $ 





older assemblies (with no ERC number, or ERC 2334 and below) and newer assemblies (ERC 
2421 and above). The older assembly configuration is shown in Figure 2-2-12,A and the new 
assembly configuration is shown in Figure 2-2-12,B. 
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Figure 2-2-12. Configuring Channels 0 and 1 as Multiplexer/Actuator 
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2-2-32. In Figure 2-2-12,A, each jumper is labeled twice. The smaller number ts the jumper 
= associated with with channel 0; the larger number is the jumper for channel | (i.e., JMO 
is for channel 0; JM10 is for channel 1). 


2-2-33. As shown in Figure 2-2-12,B, connect the appropriate jumpers to either ACT for 
an actuator configuration or to MUX for a multiplexer configuration. The HO and LO jumpers 
are for channel 0 and the H1 and L1 jumpers are for channel 1. 


2-2-34. Jumpers to Identify Multiplexer/Actuator Configuration 


2-2-35. The next set of multiplexer/actuator jumpers are actually jacks J6 and J7. They are 
used by the mainframe to identify the configuration of channels 0 and 1. See Figure 2-2-13 
for the location of the jumpers. After channels 0 and 1 are configured to your needs, J6 
and J7 must be set accordingly. If J6 and J7 are incorrectly configured, an error may result. 
For example, if channel 1 is configured as a multiplexer but J6 and J7 identify it as an ac- 
tuator, an error will result if a measurement is attempted from channel 1. 


——~ J5 
(EARLY UNITS) 





J6 
J7 
Configuration 
0 0 Channel 0-9 are multiplexers 
0 1 Channel 0 is an actuator, all others 
| are multiplexers 
] 0 Channel 1 is an actuator, channels 
O and 2-9 are multiplexers 
1 1 Channels 0 and 1 are actuators, ali 


others are multiplexers 


Figure 2-2-13. Jumpers to Identify Multiplexer/Actuator for Channels 0 and 1 
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2-2-36. As shown in Figure 2-2-13, there are four possible combinations for the configura- 

tion of multiplexer and actuator channels. If both channels 0 and | are selected as actuators, ¢ 
both J6 and J7 are in the “‘1’’ position. If you have an older assembly, it may also have 

a J5 (J5 is located next to J6). If this is the case, JS should always be set to the ‘‘0’’ position. 

This is very important, because, if JS is in the ‘‘1’’ position, the mainframe will not recognize 

the existence of the assembly or recognize it as a Digital I/O Assembly. This could be con- 

fusing when closing channels or making measurements. 


2-2-37. 2-Wire and 4-Wire Ohms Jumpers 


2-2-38. There are four jumpers used to configure for either 2-Wire Ohms or 4-Wire Ohms 
measurements. These jumpers are shown in Figure 2-2-14. To configure a Multiplexer/Ac- 
tuator Assembly for 2-Wire Ohms, remove jumpers JM3 and JM4. For 4-Wire Ohms 
measurements, two Multiplexer/Actuator Assemblies are required. On one assembly, remove 
jumpers JM3 and JM4 and install jumpers JM1 and JM2. This assembly serves as the Ohms 
Current Source. On the other assembly, remove jumpers JM1 and JM2 and install jumpers 
JM3 and JM4. This assembly serves as the sense multiplexer. (Note: This assembly is not 
now capable of making any measurements other than 4-Wire Ohms.) 





Figure 2-2-14. 2-Wire and 4-Wire Ohms Configuration Jumpers 


2-2-39. Attenuators 


2-2-40. An attenuator is composed of two resistors which serve as a voltage divider (see Figure 
2-2-15). Provisions are provided on the circuit board for attenuators to be installed on chan- 
nels 2 through 7. On board provisions are not provided for attenuators on channels 0, 1, 
8 and 9. 
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Figure 2-2-15. Attenuators 


2-2-41, Channel 2 on each Multiplexer/Actuator Assembly has a built-in jumper selectable, 
10:1 attenuator. When this attenuator is in the circuit, it provides an input impedance of 
approximately IMQ (R20 + R21). This attenuator is normally bypassed and can be selected 
by moving J8 from the ‘‘OUT”’ to the “‘IN”’ position. 


2-2-42, Channels 3 through 7 can all have attenuators added to their respective signal paths. 
Figure 2-2-16 shows how this is done. A package of seven resistor pairs (HP Part Number 
44469A) is available for use as attenuators. These resistors have the same values as those 
used in channel 2 (101.5K and 900K). 


Al-R2Z 

INPUT VOLTAGE = MEASURED VOLTAGE- ("1 ) 
TERMINAL 
BLOCK 








element 










snurt RELAY 
element 


CHANNELS 2—? 


SIMPLIFIED ATTENUATOR 






shunt 
alament 


CHANNELS Bond 
(no provisions for 
! series elements} 


Figure 2-2-16. Adding Attenuators to Channels 3 through 7 


2-2-43, Channels 8 and 9 can only have shunt elements added to their signal paths. One ex- 
ample where this may be applicable is with 4-20mA transducers. A 500 resistor, + .1%, .5W 
(HP Part Number 0699-0064), can be placed across the signal path. The resultant voltage 
drop (transducer current through the resistor) can be measured by the internal voltmeter of 
the instrument. The 500 resistor converts the 4-20mA current to a 0.2-1V voltage. 
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2-2-44. Refer to Figure 2-2-17 to locate where attenuators are placed for the various chan- 
nels. It may also be helpful to refer to the schematic diagram. 


CHANNEL 9 
CHANNEL 8 
CHANNEL 7 
INSTALL SHUNT jg 
ELEMENT 


CHANNEL 3 


JUMPER J& 
(CHANNEL 2) 





Figure 2-2-17. Attenuator Placement 
2-2-45. TERMINAL BLOCK EDGE CONNECTOR 


2-2-46. Figure 2-2-18 shows the channel connection sequence for the terminal block, Extra 
terminal blocks are available by ordering HP Part Number 44463A. Note that the HI and 
LO COMMON terminals are un-multiplexed inputs connected directly to the voltmeter HI 
and LO inputs. 


2-2-47. When installing the terminal block on the Multiplexer/Actuator Assembly, make 
sure it is firmly seated and square against the multiplexer circuit board. Hand tighten the 
captive screws into the circuit board clevis. Bundle all wires smaller than 22 gauge starting 
no more 4’’ from the terminal block. 


pod 
COMMON HI 


CHANNEL O HI COMMON Lo — CHANNEL 9 HI 
CHANNEL O LO CHANNEL 9 LO 


Se tie ee tele Re ee 8 | 





Figure 2-2-18. Terminal Block Connection Sequence 
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2-2-48. CLEANING 


* 9-2-49. The circuit board should be cleaned when measurements under high humidity (> 80%) 
and/or temperature (>30°C or >90°F) conditions are to be made. The terminal block edge 
connectors should be cleaned when very high resistance or voltage measurements in a high 
impedance circuit are to be made. Use the following procedure to clean the circuit board 
and/or the terminal block edge connector. 


. Remove all sources of power from the option assemblies. 

- Remove the Multiplexer/Actuator Assembly from the instrument (see paragraph 2-2-8). 
_ Wash the circuit board and/or the terminal block edge connector with isopropyl alcohol. 
. Rinse thoroughly with de-ionized water. 

. Dry completely before re-installing in the instrument. 


o.oo Oo & 
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SECTION III 
7 OPERATION 


The information in this manual is to be used by qualified service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 


The HP 3421A uses latching relays on the Multiplexer/ Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This is an aad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them. However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known state must be provided by the installer. 


If a Multiplexer/Actuator Assembly is installed in the HP 3421A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals. Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 





2-3-1. INTRODUCTION 


2-3-2. This section contains the operating information for the Multiplexer/ Actuator Assembly. 
This operating information is abbreviated, and is provided for the service trained individual, 
rather than an operator. 


2-3-3. GENERAL INFORMATION 

2-3-4. Power Requirements 

2-3-5. The Multiplexer/Actuator Assembly obtains its power from the mainframe via the 
ribbon cable connector that plugs into J4. On the mainframe, this ribbon cable plugs into 
either J500, J501, or J502, depending upon which slot the Multiplexer Assembly occupies. 
The power supplies used include VB, +5V, and +15V. 


2-3-6. Information Transfers 
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2-3-7, When operating with HP-IL, most commands will **hold-up’* the computer until all 

readings have been taken. For example, suppose you have three Multiplexer/Actuator @ 
Assemblies installed and you program the instrument to take 30 readings (one reading from 

each channel). With a reading rate of about two per second, 15 seconds are required to take 

all 30 readings. The computer can not perform any task while the instrument is making the 

measurements. 


2-3-8. With the HP-IB Option installed, a switch on the option enables and disables buf- 
fered transfers. This switch is factory reset to disable buffered transfers (switch up). In the 
up position, the HP-IB interface acts similar to the HP-IL interface, holding up the com- 
puter until all measurements are made. With the switch in the down position, buffered transfers 
are enabled. This releases the computer while the instrument is making measurements. 
However, if the computer attempts a subsequent communication operation on the HP-IB 
interface with the HP 3421A present, the transfer will be held until the measurement func- 
tion is complete. The buffered transfer mode provides the fastest transfer of information. 


2-3-9. Commands 


2-3-10. Commands sent to the instrument instruct it to perform some specified task. At the 
end of this section is a list of commands that are used with the Multiplexer/Actuator Assembly. 
Commands fall into two categories: standard and advanced. 


a. Standard commands set up the instrument and then complete a measurement task. For 
example, the command DCV2,7-9 causes the instrument to take DC Voltage measurements 
on channels 2, 7, 8, and 9, and store the readings in its internal memory. One command 
causes a complete measurement task to be performed. 





b. Advanced Commands provide additional flexibility, but they do not perform a com- 
plete measurement task. These commands perform only one aspect of a measurement. Ad- 
vanced commands are suitable for those who wish to tailor their system for some particular 
requirement. 


2-3-11. Channel List Rules 


2-3-12. The channel list specifies the order in which channels will be measured. The series 
of channels specified must follow these rules. 


a. The default channel list (asserted at power on or reset) consists of all multiplexer chan- 
nels in numerical sequence. The channel list can be loaded with multiplexer channels by the 
DCV, ACV, TWO, FWO, TEM, FRQ, LS or LP commands. It can also be loaded with 
digital input bit numbers by the BIT command. 


b. Channel addresses are separated by commas. However, a dash may be used to signify 
a contiguous set of channels. When using Advanced Commands, any command that specifies 
a channel must be separated from subsequent commands by either a colon (:) or a semicolon 
(;) but not a comma (,). Example: FIRAIZINS5LS5-9:T3. If the last character in the com- 
mand string is a comma, an error will be generated. 


c. No more than 30 channels are accepted into the channel list. Legal channel numbers 
are OO through 29. 
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d. The mnemonic determines what type of channel can be loaded into the channel list. 
In other words, if channel | is configured as an actuator channel, it should not be specified 
for any type of measurement (i.e., DC V1 or BIT1). If an attempt is made to load the chan- 
nel list with an improper type of channel, a syntax error is generated and the command is 
aborted. If channels x-y are received and some channels in between and including x and y 
are the wrong type of channels for the command, they are not loaded into the list and the 
error message is not sent. The remainder of the channels are loaded into the list. 


e. Leading zeros are ignored. Example: DCV00019 means DCV19. 


f. All syntax following a decimal point is ignored except for comma (,), dash (-), semicolon 
(;), colon (:), carriage return (CR), or line feed (LF). Example: DCV2.3 means DCV2. 


g. Exponents are not allowed and cause a syntax error. The command is also aborted. 


h. All lower case letters are interpreted as upper case. Blanks and the plus sign (+) are 
ignored. Commas and minus signs are used as channel number separators. The minus sign 
is also used to specify the lowest range and shortest gate time. Colons and semicolons are 
used as terminators. All other punctuation cause a syntax error. In other words, DcV 21 
is the same as DCV21. 


i. Terminators are required after any command (Standard or Advanced) that either specifies 
a channel or a decimal value, when that command Is to be followed by another command. 
For example, the ‘Mx’ command is used to set the SRQ mask. This command can have a 
decimal integer value ‘x’ of between 0 and 255. Therefore, this command must be followed 
by a terminator if another command is to follow it. Example: OUTPUT 901 ; ‘‘M1;TO”’. 
Valid terminators are a colon (:), semicolon (;), carriage return (CR) or line feed (LF). 
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Commands fall into one of two categories: Standard and Advanced. Each Standard Command pertorms a complete 
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measurement or function while two or more Advanced Commands are generally required to perform a measurement. 


| | means optional channel list 
< > means mandatory channel list 


Standard Commands 


DCV |x,y,...2] 


ACV |x,y....2] 


TWO [x,y....z] 


FWO [x.y....z] 


TEM |x, y,...z] 


REF [x] 


FRO jx,y....2] 


TOT {xi 


CL8<x> 


CLP <x > 


OPN|x) 


DC Volts. Sets the voltmeter to OCV (F1), Autorange (RAT), Autozero on (Z1), 5 1/2 digits resolution 
(N5). lf no channel list is sent, the channel list is not changed but software single trigger is executed 
(T2). If channel list is sent, they are loaded in order received then a reading is made and stored from 
each channel in sequence (T3). DCV always opens the last channel before closing the next channel 
In the list. It exits with the last channel in the list closed unless no numbers were received then it exits 
with the channels in the same state they were in prior to the command. When the instrument is ad- 
dressed to talk, all readings will be sent in the sequence they were taken. 


same as DCV but for AC Volts (F2) and 4 % digit resolution (N4). 
Same as for DCV but for 2-wire Ohms (F3) measurements. 


same as for DCV except for 4-wire Ohms (F4) measurements. Channels are automatically paired with 
x+10, y+ 10,...2+ 10 unless x,y,...2 are between 20 and 29 in which case they are paired with x-20, 
y-20,...z-20. Pairs are closed simultaneously. 


Same as for DCV but for temperature measurements (F6) and does a software compensated T-type 
thermocouple conversion. Result returned is in Degrees C. TEM will take a REF temperature measure- 
ment on the HP 44462A assembly in the lowest numbered slot if no channel numbers are sent. 


Measures the temperature of the REFerence junction (F5) on HP 44462A assembly where channel ‘x’ 
is. lf ‘x’ is not sent, then defaults to assembly where a multiplexer channel is closed, If no channel 
is closed, then selects HP 44462A assembly in lowest numbered slot. Result returned in Degrees C. 


Measures FReQuency (F7) with a 1 second gate time (GO), 5 ‘% digits resolution (N5). If no channel 
numbers are sent, the channel list is not changed and no channels are opened or closed. A software 
single trigger (T2) is executed. If channel list s sent they are loaded in the order received and a reading 
is is made and stored from each channel in sequence. When addressed to talk, all readings will be sent 
in the sequence they were taken. 





Fr 


TOTalizes events (F/) up to a maximum count of 65,535. If channel 'x' is sent, all channels will be 
opened before closing channel ‘x’. The counter will be zeroed and then starts totalizing. If ‘x’ is not 
sent, then the counter is zeroed and starts totalizing without changing channels. Channel ‘x’ will re- 
main closed until another command opens it. When the instrument is addressed to talk, it will send 
out the current subtotal without disrupting the counter. NOTE: if a TRIGGER command is received, 
the TOT is aborted and a frequency reading is made, 
CLose Single channel ‘x’. The instrument first identifies the type of channel at.’x' and then if ‘x’ is: 
an Actuator - closes channel x. Possible actuator channel numbers are: 00,01,10,11,20,21). 
a Digital Output Bit - closes it. 
a Multiplexer - opens all multiplexer relays and closes channel 'x' 
CLose a Pair of channels. The instrument will open all multiplexer relays and then close channels x 
and x+ 10. If x=20, then x and x-20 will be closed. If either x or its pair is not a multiplexer channel, 
then no channels are closed or opened and an error is generated. 


Open channel(s). If channel ‘x’ is not sent, then the OPN command will open all channels digital out- 
puts, actuators, and multiplexers. If ‘x’ is sent, the instrument identifies the channels and if ‘x’ is: 


an Actuator - opens it. 
a Digital output - clears bit ‘x’ 


a Multiplexer - opens it. This includes channeis closed by the UC command. it ‘x’ was closed as a pair 
(i.e., CLPx) then its pair will be opened also. 





HP 3421A Operation 


Advanced Commands 


+ Range Codes (RAT = Autorange on, AAG = off) 
Function, Command R-1 RO Rl R2 Ra A4 AS RG R? 
All functions 
off, FO % x x x x x x x x 
DC Volts, Fi _3V 3V 30V 300V _ - ~ - ~ 
AC Volts, F2 — 3V 30V — — _ _ = - 
2-Wire Ohms, F3 — - 3000) Sk! 3O0kKE S00K{ 3Ma SOM 
4-Wire Ohms, F4 -- - — 3000 3kQ 30kf) 300k0 3MQ 30M 
REFerence, F5 x * x x x * x x x 
TEMperature, F6 x x x x x x x x x 
FReQuency, F/ Gate time: G-1 = .15, GO = 15, Gi = 105 


Voltmeter Autzero: 20 = Auto-zero off, 21 = Auto-zero on. 


Number of digits of resolution: N3 = 3 1/2, N4 = 4 1/2, NB = 5T/2 


Triqger: TO = Hold trigger and enable channel list scan 
T1 = Internal trigger 
T2 = Software single trigger 
T3 = Triggers measurements from channel list and stores readings 
DTa = Digital Trigger, does a T3 when digital input bit 'a’ goes low. 


LS <channel list> Load Single channels into channel list. 
LP <channel list> Load channel Pairs into channel list. 
Midecimal integer number] Set SRQ Mask. 

RL Read channel List. 

RS ReSet. 


Sl<0 or 1> SIO = Initialize channel list pointer to beginning of list. SIT = opens channel and closes next channel 
in list. Must be an integer value. 





OR Read Status Registers. 


UC <channel number > Unconditionally Close specified channel. 





2-3-5/ 2-3-6 


SECTION IV 
. PERFORMANCE VERIFICATION 
AND 
CALIBRATION 


The information in this manual ts to be used by qualified service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 


The HP 3421A uses latching relays on the Multiplexer/Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This is an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them. However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known State must be provided by the installer. 





[f a Multiplexer/Actuator Assembly is installed in the HP 3421A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals. Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 


2-4-1. INTRODUCTION 


2-4-2. This section contains the performance verification procedures for the Multiplexer/Ac- 
tuator Assembly. The performance verification is explained first, followed by the calibra- 
tion procedure. A Diagnostic Terminal Block (P/N 03421-66504) can be used to run verification 
tests on the HP 44462A Multiplexer/Actuator Assembly. This is done using an HP-41C/CV 
Handheld Computer or an HP-85 Personal Computer. The HP-41C/CV must be equipped 
with the HP 44468A Data Acquisition Pac ROM to use the test fixture. To use the fixture 
using an HP-85, you must have the HP 3056DL software package or the HP 3421A Calibra- 
tion and Test Tape Cartridge (P/N 03421-10001, Rev. C or above). 


2-4-3. RECOMMENDED EQUIPMENT 
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Performance Verification and Calibration HP 342.LA 


2-4-4. All recommended equipment for the performance tests and temperature calibration 
procedure is listed in Table 2-4-1. 





Table 2-4-1. Recommended Equipment 


Accuracy +.005% 


HP Model 3456A PC 
Temp. Math Function 
Computer HP Model 85A with I/O ROM and 
Application ROM 
HP Model 85B with 1/0 ROM 


[Sid 
Temperature Calibrator HP P/N 03421-66505 c 
Board 


C = Calibration 
2-4-5. The procedures assumes that the computer I/O interface is set to select code **9’’. 
If the interface is ‘‘HP-IB’’, the HP 3421A must have the HP-IB Option installed with the 
address switches set to *‘01’’. If the interface is HP-IL, the HP-85 will automatically assign 
address *‘O1’’ to the Model 3421A if it is the first device on the loop. All commands in the 
procedure use address ‘‘901’’ (9 + Ol). 















Digital Voltmeter Range: .1 Volt/.1 Ohm 











*P = Performance 





2-4-6. PERFORMANCE TESTS 





2-4-7, The performance tests check the contact resistance of the relays, thermal offset voltage, 
and the attenuator on channel 2. 


2-4-8. The multiplexer can be installed in either slot 0, slot 1, or slot 2 to run the tests. The 
top cover can be removed while performing the tests, if desired. If the option to be tested 
is in slot 0, you must remove any option occupying slot 1 before starting the test. Thus, if 
you have a Multiplexer/Actuator Assembly in slot 0 and slot 1, always do the entire perfor- 
mance verification for the slot 0 option first. Then replace the slot 1 option and do the per- 
formance verification for it next. 


IMPORTANT 


[fa Multiplexer/ Actuator Assembly is removed while performing 
any of these tests, make sure it is re-installed in the slot from which 
it was removed. This is necessary because each reference junction 
on each Multiplexer/Actuator Assembly can be slightly different, 
resulting in unique calibration constants for each assembly. 
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2-4-9, Channel addresses are slot dependent. The steps in the procedures assumes that the 
+. option being tested is in slot 0. The channels for the various slots are specified as follows: 


Option Slot Number Specify Channels 





2-4-10. The Multiplexer/ Actuator Assembly must be reconfigured for some of the tests. In 
some cases, the option must be removed from the instrument so that jumpers can be moved, 
and then re-installed to complete the test. For example, in the first part of the first test, it 
is assumed that channels 0 and | are configured as actuators. This, however, only checks 
half of relays KO and K1. To check the other half, the Multiplexer/Actuator Assembly must 
be removed from the instrument, four jumpers moved to different locations, and re-installed. 
If this is the case, the assembly must be reconfigured to the original configuration after com- 
pleting the tests. 


2-4-11. The tests should be performed in the order given. As each test is performed, check 
and record the results on the appropriate test card. The test cards are located between the 
test procedures and the calibration procedures. 


2-4-12. Channel Resistance Test 


2-4-13. The following test has two parts to it. In the first part, channels U0 and | of the 
Multiplexer/Actuator Assembly are configured as actuators. In the second part, they are 
configured as multiplexers. If channels 0 and 1 are configured as multiplexers, it is suggested 
that you configure the channels as actuators and perform the first part of the test. Do this 
to minimize confusion. If any channel is outside the specified limits, clean the terminal block 
edge connector and fingers of the option board, before replacing a relay. The cleaning pro- 
cedure is explained in Section II. 





2-4-14. An external ohmmeter is used for the following checks. The reason is that the HP 
3421A is calibrated in the 4-Wire Ohms function at the factory, but the tests requires a 2-wire 
ohms measurement. Rather than re-calibrate the Model 3421A, or obtain results that are 
out of the specified limits, an external ohmmeter is used. 


2-4-15. Recommended Equipment. The following equipment is recommended to perform 
the test. 


Digital Voltmeter (HP Model 3456A) 
HP-85 Computer 


2-4-16. Channel Resistance Test Procedure. Do the following: 
a. Press the instrument front panel switch ‘“‘OFF’’ and unplug the ac line cord. 
b. Make sure that all sources of external power are removed form the terminal block edge 


connector. Then remove the strain relief and grey WARNING cover from the option to be 
tested. 





ec. Turn the instrument upside down and loosen the bottom six screws. 
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d. Hold the top cover in place and turn the instrument upright. Then lift up and remove 


the top cover. & 


e. If either slot | or slot 2 option is to be tested, continue with step f. If the slot 0 option 
is to be tested, you must remove any option occupying slot 1. To remove the slot 1 option, 
do the following: 





1. Remove the strain relief and grey WARNING cover from slot 1. 

2. If the slot 1 option is a Digital I/O option, unplug the ribbon cable from the option. 
If the slot 1 option is a Multiplexer/Actuator Assembly, unplug both the ribbon cable 
and voltmeter bus cable. 


3. Remove the four screws holding the option in place, and then remove the option. 


4. Leave the four hex standoffs for slot 0 option in place to make sure the option is 
properly grounded. 


tf. Move J8 on the option to be tested to the ‘‘OUT”’ position. 
zg. Make sure that all series jumpers are in place (1.e., JM30, 40, 50, 60, and 70, and JMO 
and 10 for older assemblies), and that no resistors have been substituted. Otherwise, the op- 


tion needs to be removed from the HP 3421A and jumpers installed in these locations. 


h. Make sure no shunt elements (1.e., jumpers or resistors) are installed at locations for 
JM31, 41, 51, 61, 71, 81, or 91. 





1. To do the first part of the test, make sure the option has channels 0 and | configured 
as actuators. If they are, continue with step j. If they are configured as multiplexers, move 
the flying lead jumpers from the ‘‘MUX”’ positions to the ‘‘ACT’’ position. On older 
Multiplexer/Actuator Assemblies that do not have the flying lead jumpers, do the following: 

1. Press the instrument front panel to the ‘‘OFF’’ position. 


2. Loosen the four screws or hex standoffs (dependent on the location of the option) 
and remove the option from the instrument. 


3. Unsolder JM16 and resolder it in the JM19 location. Unsolder JM15 and resolder 
it in the JM18 location. 


4. Unsolder JM06 and resolder it in the JMO9 location. Unsolder JMO5 and resolder 
it in the JMO08 location. 


5. Channels 0 and 1 are now configured as actuators. 


6. Replace the option back in the instrument. 


j. On the terminal block edge connector, short the HI and LO of channels 2 to 9 together 
(i.e., short H2 to L2, H3 to L3, etc.). 





2-4-4 


HP 3421A Performance Verification and Calibration 


k Connect HO and HI to COMMON HI on the terminal block. Connect LO and LI to 


= COMMON LO. 


|. Connect an external ohmmeter (like the HP 3456A in the 4-Wire Ohms function) to 
COMMON HI and COMMON LO on the terminal block edge connector. Keep the leads 
as short as possible. 


m. Make sure nothing is connected to the HP 3421A’s front panel terminals. 
n. Connect the HP-85 I/O cables (either HP-IL or HP-IB) to the instrument. 
o. Press the HP 3421A front panel switch ‘‘ON’’. 


p. If the option to be tested is in slot 0, execute the following program. If the option 1s 
in slot 1, modify line 20 to: FOR [= 10 TO 19. If the option is in slot 2, modify line 20 to: 
FOR ]=20 TO 29. 


10 CLEAR 

20 FOR I=0 TO 9 

30 OUTPUT 901 CLS” Fi 

40 DISP ‘‘RECORD RESISTANCE OF CHANNEL “jl 

50 DISP ‘SIT SHOULD BE 1.4 OHMS OR LESS” 

60 DISP ‘‘PRESS ‘‘CONT’’ TO MEASURE THE NEXT CHANNEL” 
70 PAUSE 

80 OUTPUT 901 ;““OPN”’ 51 

90 NEXT | 

100 END 





q. Check and record the reading of each channel on the test card. 

r. Since channels 0 and | are configured as actuators, only ¥2 of relays KO and KI are 
checked. To check the other half, configure the channels as multiplexers by moving the fly- 
ing lead jumpers from the ‘‘ACT”’ positions to the ‘‘MUX”’ position. On older Multiplexer/ 
Actuator Assemblies that do not have the flying lead jumpers, do the following: 


1. Press the instrument front panel to the’’OFF’’ position. 


2. Loosen the four screws or hex standoffs (dependent on the location of the option) 
and remove the option from the instrument. 


3. Unsolder JM19 and resolder it in the JM16 location. Unsolder JM18 and resolder 
it in the JM15 location. 


4. Unsolder JMO9 and resolder it in the JM06 location. Unsolder JM08 and resolder 
it in the JMO5 location. 


5. Channels 0 and | are now configured as multiplexers. 


6. Replace the option back in the instrument. 





7. Press the HP 3421A front panel switch *“‘ON”’. 
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s. Remove HO and H1 from the COMMON HI terminal of the terminal block edge con- 
nector. Leave the ohmmeter connected. & 





t. Remove LO and L1| from the COMMON LO termina! of the terminal block edge con- 
nector. Leave the ohmmeter connected. 


u. Short HO to LO and H1 to LI on the terminal block edge connector. 
v. Close channel 0 by executing the following program line. 
OUTPUT 901 ;**CLSO’’ 


w. Using the external ohmmeter (connected across COMMON HI and COMMON LO), 
check and record the reading on the test card for multiplexer channel 0. 


x. Open channel 0 and close channel | by executing the following program line. 


OUTPUT 901 ;**OPNO”’ 
OUTPUT 901 ;“*CLS1”’ 


y. Using the external ohmmeter, check and record the reading on the test card for multiplex- 
er channel 1. 


z. Regardless of how channels 0 and 1 will be used, leave them configured as multiplexers 
for the next test. Also leave all HI and LO of each channel shorted together (i.e., HO shorted 
to LO, H1 shorted to LI, etc.). 





aa. Disconnect the external ohmmeter. 


2-4-17. Offset Voltage Test 


2-4-18. This test should be performed after the channel resistance checks have been made. 
Before starting this test, make sure of the following: 


a. All channels are configured as multiplexers. 


b. The HI and LO of channels 0 to 9 on the terminal block edge connector are shorted 
together (i.e., short HO to LO, H1 to LI, etc.). 


c. No connections are made to the COMMON HI and COMMON LO on the connector. 
d. The attenuator on channel 2 1s bypassed (J8 in the out position). 
e. J6 and J7 are in the O position. Place in the correct position, if wrong. 


2-4-19. Recommended Equipment. The following equipment is recommended to perform 
the test. 


HP-85 Computer 
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2-4-20. Offset Voltage Test Procedure. Do the following: 


a. If the option to be tested is in slot 0, execute the following program. If the option Is 
in slot 1, modify line 20 to: FOR I=10 TO 19. If the option is in slot 2, modify line 20 to: 
FOR I=20 TO 29. 


10 CLEAR 

20 FOR [=0 TO 9 

30 ‘OUTPUT 701 3 DCV 31 

40 ENTER 901 ;A 

50 DISP ‘OFFSET VOLTAGE OF CHANNEL °';1;°IS";A 

60 DISP ‘‘RECORD THIS OFFSET VOLTAGE AND CHANNEL” 
70 DISP “IT SHOULD BE WITHIN +3 MICROVOLTS (+ .000003V)"’ 
80 DISP ‘‘PRESS ‘‘CONT’’ TO CHECK THE NEXT CHANNEL” 
90 PAUSE 

100 CLEAR 

110 NEXT I 

120 END 


b. Check and record the reading of each channel. If any voltage is outside the specified 
limits, clean the terminal block edge connector and the fingers of the option board before 
replacing a relay. The cleaning procedure is explained in Section II. 


2-4-21. Channel 2 Attenuator Test 


2-4-22. This test checks the accuracy of the attenuator (10:1 Voltage Divider) on channel 2. 


2.4-23. Recommended Equipment. The following equipment is recommended to perform 
the test. 


HP-85 Computer 
Stable 10 Vdc Power Supply 


2-4-24. Attenuator Test Procedure. Do the following: 


a. Remove the short on the terminal block edge connector from channels 2 and 3. 
b. Move J8 on the option board to be tested to the “‘IN’’ position. 
c. Connect the external power supply to channel 3 on the terminal block edge connector. 


d. Set the power supply output as close to 10Vdc as possible. Then take a reading on channel 
3 by running the following program. Write down the displayed voltage for future reference. 


10 OUTPUT 901 ;**DCV3”’ 
20 ENTER 901 ;A 

30 DISP A 

40 END 


e. Leave the power supply set to exactly the same voltage that was used in step d. Then 
connect the power supply to channel 2 on the terminal block edge connector. 


f. Change line 10 in the program to OUTPUT 901 ;“‘DCV2”’ and then run the program 
again. The voltage displayed should be 1/10 +1% of the voltage read in step d. 


g. Check and record the reading on the test card. 


h. Perform all the preceding tests on all installed Multiplexer/Actuator Assemblies. 
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Hewlett-Packard Model 4446274 


Multiplexer/Actuator Assembly 


Slot Location 


Channel 


0, 10, or 20 
(configured as actuator) 


0, 10, or 20 
(configured as multiplexer} 


1, 11, of 21 
(configured as actuator) 


1, 11, of 21 
(configured as multiplexer} 


2; 12, or 22 
3, 13, 06:23 
, or 24 

, or 25 

or 26 

or 27 

or 28 


, or 29 


2-4-8 


PERFORMANCE TEST CARD 
CHANNEL RESISTANCE TEST 


Test Performed By. 


Date 


Limit Reading Test Pass 


HP 3421A 





Test Fail 
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PERFORMANCE TEST CARD 
OFFSET VOLTAGE TEST 


Hewlett-Packard Model 44462A Test Performed By_ 


Multiplexer/Actuator Assembly Date 


Slot Location 


Channel High Limit Low Limit Test Pass Test Fail 


, 10, or 20 
11, oF 21 
, ¥2Z,; Or. 22 
13, or 23 
14, or 24 
, 15, of 25 
, 16, or 26 
AT, oF 27 
18, or 28 


18, or 29 


PERFORMANCE TEST CARD 
CHANNEL 2 ATTENUATOR TEST 


Hewlett-Packard Model 44462A Test Pertormed By 


Multiplexer/Actuator Assembly Date 


Slot Location 
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2-4-25. Temperature Calibration 


2-4-26. Temperature calibration must be performed at an ambient temperature that allows & 
the reference junction on the Multiplexer/Actuator Assembly to be between 0°C and 69.99°C. 

Once the reference junction has been calibrated, the instrument should be operated at an 

ambient temperature within + 5°C of the temperature at which it was calibrated. Operating 

the instrument within this 10°C window should result in a temperature measurement accuracy 

of +1°C for each °C. Decrease the accuracy by .005°C outside the range. 


2-4-27. Each Multiplexer/Actuator Assembly has its own reference junction. Therefore, each 
assembly must be calibrated individually. The calibration should be performed after the top 
and rear covers are in place and there has been at least a one hour warm-up. Once a 
Multiplexer/Actuator Assembly is calibrated for a slot, it should be used in the slot in which 
it was calibrated. For example, do not calibrate two assemblies and then switch their slot 
locations. In addition, if a new assembly is added to the instrument, make sure it is calibrated 
in the slot where it will be used. 


2-4-28. There are two temperature calibration procedures that can be used. One procedure 
uses the HP 3456A digital voltmeter and the other uses the HP 3421A internal voltmeter. 
The HP 3456A procedure is more convenient since the HP 3456A will automatically determine 
the calibration temperature. In the HP 3421A calibration procedure, the calibration 
temperature must be calculated by the controller using a formula given in the procedure. 


2-4-29. It is recommended that the temperature calibration be performed with the HP 3421A 
in the same physical location position as it will be used. That is, if the Model 3421A is to 
be used in the vertical position, calibrate the temperature function in that position. Likewise, 
if the Model 3421A is to be used in the horizontal position, calculate in that position. 





NOTE 


The calibration RAM portion of the seif test will always fail if a 
Multiplexer Option occupies a slot that does not contain calibration 
constants for the temperature function. 


The factory places 25.00°C calibration constants in RAM for all 
slots that are either empty or contain Digital I/O Assemblies. To 
ensure temperature measurement accuracy, the temperature function 
must be recalibrated for each field installed Multiplexer/Actuator 
Assembly. 


2-4-3. Recommended Equipment. The following equipment is recommended to calibrate 
the temperature function. 


HP-85 Computer 

Multiplexer/Actuator Assembly 

Temperature Calibrator Board (HP Part Number 03421-66505) 
HP 3456A Digital Voltmeter (for the HP 3456A procedure) 
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NOTE 


if there is more than one HP 44462A Multiplexer/Actuator 
Assembly in your instrument, you can simultaneously calibrate all 
the assemblies using one 03421-66505 Temperature Calibrator Board 
for each assembly instead of one board for all assemblies. If this 
is done, only a one hour warm-up is required for all the assemblies 
instead of a one hour warm-up for each individual assembly. 


2-4-31. Temperature Calibration Procedure Using the HP 3456A. To calibrate the 
temperature function using the HP 3456A, perform the following procedure, The semi- 
automated test and calibration procedures in paragraph 1-4-67 in Chapter I of this manual 
can be used instead of the following manual procedure, if the Model 3421A Calibration and 
Test Cartridge (HP Part Number 03421-10001 Rev. C or higher) is available. (Note: Only 
Rev. C or higher tape will operate with the Temperature Calibrator Board.) 


a. Identify the slot(s) with the Multiplexer/Actuator Assembly to be calibrated (slots 0, 


1, and/or 2). 


In this procedure you are directed to remove power from the HP 
3421A. Always make sure the calibration enable switch (S501 
segment #8) is in the up position before the Model 3421A front panel 
switch is pressed off or ac power is disconnected. Failure to do this 
could cause the calibration RAM constants to be altered requiring 
complete recalibration of the instrument. 


If an HP-IL controller is used that has the *‘Auto Off’’ feature, 
such as is available with the HP-71B and HP-75C/D (i.e., the con- 
troller automatically turns off if not used for a certain amount of 
time and in turning off executes a loop power-down), make sure 
the controller does not turn off when connected to the HP 3421A 
with the calibration enable switch in the down position. If the con- 
troller turns off, the Model 3421A may unexpectedly go into the 
power down mode. This could also cause the calibration RAM 
constants to be altered requiring complete recalibration of the 
instrument. 


b. Make sure the rear panel calibration switch (S501 segment #8) 1s in the up position. 
Then press the HP 3421A front panel switch to the off position and unplug the instrument’s 
power cord. 


c. Remove the black rear panel strain relief bar on the slot(s) to be calibrated by loosen- 
ing the two captive screws that hold each in place. 


d. Remove the grey ‘‘ WARNING”? safety cover(s) on the slot(s) to be calibrated by loosen- 
ing the two captive screws that hold each in place. 


e. Loosen the two captive screws holding the terminal block(s) to the Multiplexer/ Actuator 
Option board(s) and then remove the terminal block(s). 
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f. Plug the Temperature Calibrator Board(s) (HP P/N 03421-66505) onto the Multiplex- 





er/Actuator Assembly (or Assemblies) to be calibrated. Make sure the component side of © 
the calibrator board is in the up position when plugging it onto the Multiplexer/Actuator 
Assembly. 


g. Reinstall the grey ““‘WARNING”’ safety cover(s) that was/were removed in step d. This 
ensures a more stable temperature for calibration. 


h. Plug the HP 3421A power cord into an ac outlet and press the front panel switch on. 
1. Allow the HP 3421A to warm-up for at least one hour. 
. Connect the HP 3421A’s Hikane ate HI and LO Input Terminals, 


sacaeaicate: Then connect the Model 3421A’s HI wnt LO input Terminals to the HP 3456A’s 
HI and LO Input Terminals, respectively. 





k. Place the rear panel calibration enable switch (S501 segment #8) in the down position. 


|. Select channel 4 of the Multiplexer/Actuator Assembly to be calibrated by executing 
the following program line. Fill in the blank space with the appropriate channel number. 
If the Multiplexer/Actuator Assembly is in slot 0, send ‘‘CLS04’’. If it is in slot 1, send 
“*CLS14". If it is in slot 2, send ‘*CLS24’’. 


OUTPUT 901 ; “‘CLS * 


m. Select the appropriate function, range, and channel by executing the following pro- 
gram line. Fill in the blank space with the appropriate channel number. If the Multiplexer / 
Actuator Assembly is in slot 0, send ‘‘REF4’’. If it is in slot 1, send ‘‘REF14’’. If it is in 
slot 2, send ‘‘REF24’’. 





OUTPUT 901 ; *“*REF - 


n. If after sending the ‘‘REF ** command an error is detected (the HP 3421A front 
panel LCD error indicator is on), the error is most likely caused by an uncalibrated Multiplexer/ 
Actuator Assembly. The error should disappear after completing the temperature calibra- 
tion (step p). 





o. Using the HP 3456A 2-wire ohms function and temperature math function in °C, measure 
and note the temperature of the thermistor on the Temperature Calibrator board. Press the 
following buttons on the HP 3456A to read the temperature. 


2-WrQ Function button 

Auto Range button 

Blue Math button on Keyboard 

**6’’ (1.e.,THM °C) button on Keyboard 


p. Execute the following program line, filling in the blank space with the HP 3456A 
temperature reading. The decimal point in the temperature reading is optional. However, 
the two leading 0’s are necessary. For example, if the temperature reading is 27.95°C, send 
**C002795”’ or ‘'C0027.95’’. 





OUTPUT 901 ; ““C ‘ 


—_—SS ee SS 
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* Be sure to wait at least 10 seconds after executing the 
“C * command, before disturbing the equipment 
setup. This ensures that the instrument has enough time to average 
fen readings and that the calibration step has been completed 
properly. 


NOTE 





q. After calibration is completed, send *‘REF _’’ again and read the results to deter- 
mine if any error occurred and to observe that the temperature is within the ambient 
temperature range (20°C to 30°C). If the temperature is out of the specified range, try the 
temperature calibration again. If an error is detected, go to paragraph 1-4-42 in Chapter 
I of the manual to determine what the error is. Once the error is determined, perform the 
appropriate action as suggested in the paragraph. To send ‘“‘REF___’”’ and read the 
temperature, execute the following program lines. 


OUTPUT $01 5 “REF 
ENTER 901; A 
DISP A 


r. Repeat this procedure for each slot with a Multiplexer/ Actuator Assembly requiring 
calibration, making sure to identify the correct channel address in steps 1, m, and q. 


s. This completes the calibration procedure using the HP 3456A. Return the calibration 
enable switch (S501 segment #8) to the up position, unless you are going to perform another 
calibration procedure. 





2-4-32. Temperature Calibration Procedure Using the HP 3421A. To calibrate the 
temperature function using the HP 3421A, perform the following procedure. The semi- 
automated test and calibration procedures in paragraph 1-4-67 in Chapter I of this manual 
can be used instead of the following manual procedure, if the HP 3421A Calibration and 
Test Cartridge (HP Part Number 03421-10001 Rev. C) is available. (Note: Only Rev. C or 
higher tape will operate correctly with the Temperature Calibrator Board.) 


a. Identify the slot(s) with the Multiplexer/Actuator Assembly to be calibrated (slots 0, 


1, and/or 2). 


In this procedure you are directed to remove power from the HP 
3421A. Always make sure the calibration enable switch (S501 
segment #8) is in the up position before the Model 3421A front panel 
switch is pressed off or ac power is disconnected. Failure to do this 
could cause the calibration RAM constants to be altered requiring 
complete recalibration of the instrument. 
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lf an HP-IL controller is used that has the *“‘Auto Off’’ feature, 
such as ts available with the HP-71B and HP-75C/D (i.e., the con- 
troller automatically turns off if not used for a certain amount of 
time and in turning off executes a loop power-down), make sure 
the controller does not turn off when connected to the HP 3421A 
with the calibration enable switch in the down position. If the con- 
troller turns off, the Model 3421A may unexpectedly go into the 
power down mode. This could also cause the calibration RAM 
constants to be altered requiring complete recalibration of the 
instrument, 





b. Make sure the rear panel calibration switch (S501 segment #8) is in the up position. 
Then press the HP 3421A front panel switch to the off position and unplug the instrument’s 
power cord. 


c. Remove the black rear panel strain relief bar on the slot(s) to be calibrated by loosen- 
ing the two captive screws that hold each in place. 


d. Remove the grey ‘‘WARNING’”’ safety cover(s) on the slot(s) to be calibrated by loosen- 
ing the two captive screws that hold each in place. 





e. Loosen the two captive screws holding the terminal block(s) to the Multiplexer/ Actuator 
Option board(s) and then remove the terminal block(s). 


f. Plug the Temperature Calibrator Board(s) (HP P/N 03421-66505) onto the Multiplexer/ 
Actuator Assembly (or Assemblies) to be calibrated. Make sure the component side of the 
calibrator board is in the up position when plugging it onto the Multiplexer/Actuator 
Assembly. 


g. Reinstall the grey ‘‘\WARNING’” safety cover(s) that was/were removed in step d. This 
ensures a more stable temperature for calibration. 


h. Plug the HP 3421A power cord into an ac outlet and press the front panel switch on. 


i. Allow the HP 3421A to warm-up for at least one hour. 
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j. Key in and execute the following program. The program, as written, 1s setup to measure 
. the temperature of the Multiplexer/Actuator Assembly in slot 0. To measure the temperature 
of the assembly in slot 1, specify ‘‘TWO14”’ in line 40. To measure the temperature of the 

assembly in slot 2, specify ‘*TWO24”’ in line 40. 


10 A=1.285496378E-3 

20 B=2.360998857E-4 

30 C=9,324409398E-8 

40 OUTPUT 901 ; ““TWO4”" 

50 ENTER. 901 ; R 

60 D=1/(A+ B*LOG(R)+ C*LOG(R)  3)-273.16 

70 D=INT(D*100 + .5)/100 

80 DISP ‘‘TEMPERATURE IN DEGREES CELSIUS:’’;D 
90 END 


k. The HP-85 should be displaying the temperature in °C. 

|. Place the rear panel calibration enable switch (S501 segment #8) in the down position. 

m. Select the appropriate function, range, and channel by executing the following pro- 
gram line. Fill in the blank space with the appropriate channel number. If the Multiplex- 
er/Actuator Assembly is in slot 0, send ‘‘REF4’’. If it is in slot 1, send ‘‘REF14’’. If it is 
in slot 2, send ‘‘REF24’’. 


QUTEPUT 901 3." REF 





n. If after sending the ‘‘REF__’’ command an error is detected (the HP 3421A front 
panel LCD error indicator is on), the error is most likely caused by an uncalibrated Multiplex- 
er/Actuator Assembly. The error should disappear after completing the temperature calibration 
(step oO). 


o. Execute the following program line, filling in the blank spaces with the temperature 
displayed on the HP-85 (step k). The decimal point in the temperature reading is optional. 
However, the two leading 0’s are necessary. For example, if the temperature reading Is 27.95°C, 
send ‘‘C002795”’ or ‘*C0027.95”’. 


OUTPUT 9OL ; “GC " 


NOTE 


Be sure to wait at least 10 seconds after executing the 
gO ’* command, before disturbing the equipment 
setup. This ensures that the instrument has enough time to average 
ten readings and that the calibration step has been completed 
properly. 
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p. After calibration is completed, send **REF _”’ again and read the results to deter- 
mine if any error occurred and to observe that the temperature is within the ambient a 
temperature range (20°C to 30°C). If the temperature is out of the specified range, try the 
temperature calibration again. If an error is detected, go to paragraph 1-4-42 in Chapter 
| of this manual to determine what the error is. Once the error is determined, perform the 
appropriate action as suggested in the paragraph. To send ‘‘REF__”’ and read the 
temperature, execute the following program lines. 





OUTPUT 901 3°" REF” 
ENTER 901; A 
DISP A 


q. Repeat this procedure for each slot with a Multiplexer/ Actuator Assembly requiring 
calibration, making sure to identify the correct channel address in steps j, m, and p. 


r. This completes the calibration procedure using the HP 3421A. Return the calibration 
enable switch (S501 segment #8) to the up position, unless you are going to perform another 
calibration procedure. 
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SECTION V 
& ADJUSTMENTS 


2-5-1. This section normally contains instrument adjustment procedures. Since the Model 
44462A Multiplexer/Actuator Assembly has no adjustment procedures, there is no adjust- 
ment information in this section. There is, however, a temperature calibration procedure 
for the reference junction which is explained in Section IV of this chapter and also in Sec- 
tion IV of Chapter 1 (Mainframe Service Information). 
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SECTION VI 
* REPLACEABLE PARTS 


2-6-1. This section normally contains information for ordering replaceable parts. However, 
the replaceable parts for the Model 44462A Multiplexer/Actuator Assembly are included 
in Chapter | (Mainframe Service Information), Section VI of the manual. 
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SECTION Vil 
MANUAL CHANGES 


2-7-1. INTRODUCTION 


2-7-2. This section has information to adapt this chapter to the first Multiplexer/ Actuator 
Assemblies manufactured with HP Part Number 44462-66504 (the current assemblies have 
part number 44462-66514). This section also adapts the chapter to assemblies having no ERC 
(Engineering Revision Code) number or a number lower than shown on the title page. Refer 
to paragraph 2-7-3 for a short description of ERC numbers. 


2-7-3. Engineering Revision Code (ERC) 


2-7-4. The engineering revision code (ERC) is changed whenever a change is made to an 
assembly. The change could be a printed circuit board revision, a component value change, 
added or deleted component, a component part number change, or a revised test and assembly 
procedure. The ERC label is the only one on the printed circuit board that has a four digit 
number. ERCs were implemented on this instrument with the introduction of the 03421-66511 
motherboard. The first ERC was 2334. Refer to Chapter 1 (Mainframe Service Informa- 
tion), Section I for more information on ERC numbers. 


2-7-5. CHAPTER CHANGES 


2-7-6. Most changes in this section apply to the schematics and component locators in Sec- 
tion VIII, and to the parts list (Table 1-6-4) in Chapter 1, Section VI of the manual. If there 
is only a minor change, like a component value change or a minor circuit change, modify 
the schematic and Table 1-6-4 presently in the manual. If a major change to a schematic 
is made, refer to the schematic and component locator in this section of the chapter, instead 
of Section VIII. 


2-7-7. If the ERC number is not listed on the title page or in this section, refer to the sup- 
plied MANUAL CHANGES supplement for updating information. Also, if a MANUAL 
CHANGES supplement is supplied, make all indicated ERRATA changes to correct any er- 
rors in this chapter. 


CHANGE 1 
Description 


This change applies to Multiplexer/ Actuator Assemblies with HP Part Number 44462-66504. 
This number is for sale in the United States and Canada only. The change involves compo- 
nent reference designator numbering changes on the replaceable parts list, component locator, 
schematic, and other locations in this chapter. 


NOTE 
The following reference designator changes are for the parts list, 


component locator, and schematic only. However, these reference 
designators may also appear at other locations in this chapter. 
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Table 1-6-4 (Replaceabie Parts) and Figure 2-8-1 (Multiplexer/Actuator Assembly Schematic) Changes 





Do the following changes in the table, schematic, and component locator. 6 


To 


K40 
K50 
K60 
K70 





CHANGE 2 
Description 
This change applies to Multiplexer/ Actuator Assemblies that have no ERC number and to 
assemblies with an ERC number of 2334. It involves changing the Multiplexer/Actuator con- 
figuration jumpers from flying lead jumpers to soldered-in wire jumpers. 


Figure 2-8-1 (Multiplexer/Actuator Assembly Schematic) Changes 


Change the component locator on the apron page of Figure 2-8-1 to the one shown in Figure 
2-/-] (shaded area shows changes). 


Do the changes on the schematic in Figure 2-8-1 as shown in Figure 2-7-2 (shaded area shows 
changes). 
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Figure 2-7-1. Component Locator (Change 2) 


iC Power Supply Configurations 








MC14556BCP 1820-1412 










MC14028BCP 
XSTR-ARY 
ADS590JH 


1820-1962 
1858-0047 
1826-0698 








N0OVUDUVNUL 


3 OF 6 i 
DECODER 








Ag ~ 
Sq 
Re 
$8 
$7 
i 
| 3 oF 8 7 
DECODER 
zs E 
So i 
CLK 
Hos? 


=r 


a 
, 


snp —¢ 


AG- Az 
BO-Be2 
| 
| 
| 
| 
| 


1u | 
yoo 8 | 
3501 

oR 4S 
J502 
Le501 
LBS1i 
LBS21 


vU-< 


LaSOe - 
LBSi2 
LBaS22 


id, 
TCO 
1 
+15V 
i 
DOE 


ts ibeV HI te 


»i = MULTIPLEXERS 

= ACTUATOR, 1 = MULTIPLEXER 
= ACTUATOR, O = MULTIPLEXER 
1 = ACTUATORS 


J100 nvv Lo Sith 
J110 | ! J 
OR a SENSE HI-———~< J yar 
J120 By 
f@ SENSE L9-———+<<4 x of 


NOTE 1. vMGS) 06, 2a, 285 eb. oeto els 61, 1; 81 ANG Si 
ARE NOT LOADED AT THE FACTORY 


ST Ae eee i t— 





JM3). SEE NOTE 4 





———- VB 


7 - a RESET |e 





HS 








hee 
4s 


=’ SS a eS Se 
| 


Lg 




































































Tree 


t 
rc 
on 


7 


SS ee eee 


La 





























Lo COM 


@ Q 
t 


Hi 














; 
@ 





44462 0 144 


Figure 2-7-2. Schematic Changes (Change 2) 
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SECTION Vill 
SERVICE 


The information in this manual is to be used by qualified service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 


The HP 3421A uses latching relays on the Multiplexer/ Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This is an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them. However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known state must be provided by the installer. 


If a Multiplexer/Actuator Assembly is installed in the HP 3421A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals. Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 


2-8-1. INTRODUCTION 


2-8-2. This section contains the theory of operation and troubleshooting information of the 
Multiplexer/Actuator Assembly. 


2-8-3. THEORY OF OPERATION 
2-8-4. General 


2-8-5. Each Multiplexer/Actuator Assembly has ten latching relays (KO through KY) that 
are used as switches for the ten channels (channels 0 through 9). Channels 0 and | can be 
configured either as multiplexer or actuator channels. Channels 2 through 9 can only be con- 
figured as multiplexers. Channel 2 also has a built-in 1MQ attenuator (i.e., 10:1 voltage divider) 
that is normally bypassed, but can be selected by moving J8 to the ‘‘IN”’ position. 


2-8-6. Channels 2 through 7 have locations for both series and shunt elements. One use for 
a series /shunt element combination is a voltage divider. Channels 8 and 9 have locations 
for the addition of shunt elements only. Channels 0 and | have no provisions for either shunt 
or series elements. 
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2-8-7. The voltmeter bus consists of 0/V HI, 0/V LO, Q SENSE HI, and 2 SENSE LO 
with each of these lines having a jumper (JM1-JM4) for isolation. Jumpers JM3 and JM4 * 
have to be removed for all measurements, except 4-Wire Ohms. 





2-8-8. Configuration of Channels 0 and 1 


2-8-9. J6 and J7 are used by the mainframe to identify how channels 0 and | are configured 
(actuator or multiplexer). The configuration is explained in paragraph 2-2-29 in Section II 
of the chapter. If either channel has been identified as being configured one way, but is used 
the other way, an error will be generated. See Section II of this Chapter for more complete 
configuration information. 


NOTE 


Early Multiplexer/Actuator Assemblies may have a J5 located next 
to J6. If the assembly has a J5, always keep in in the “‘0”’ position. 
If J5 is placed in the ‘‘l’’ position, the mainframe may not recognize 
that the assembly is installed or think it is a Digital I/O Assembly. 
This causes confusion when attempting to close a channel or make 
a measurement. 


2-8-10. Channel Addressing 


2-8-11. The slot location occupied by a Multiplexer Assembly determines the channel ad- 
dresses on that assembly. If the assembly is in slot 0, the channel addressses are 0 through 
9. For slot 1, the channel addresses are 10 through 19, and for slot 2, they are 20 through 29. 





2-8-12. Channel Address Decoding 


2-8-13. U1 decodes its A and B inputs to select the appropriate 3 of 8 decoder. The selected 
3 of 8 decoder uses the state of SD (Serial Data), CLK, and HDS2 (High Data Select) to 
determine which of its outputs to drive momentarily low. When the output goes low, it turns 
off a darlington amplifier in US, U6 or U7. When the output returns high again, it turns 
on the darlington amplifier. This pulses the set or reset coil of the appropriate relay. 


2-8-14. Suppose that a program line is executed to close channel 9 (e.g., OUTPUT 901 ; 
‘““CLS9’’). First, U1 selects the correct 3 of 8 decoder, which in this instance is U2. To do 
this, its A and B inputs are decoded (A=0, B=1). This causes U1! pin 10 to go low which 
enables U2. U2 decodes SD (‘‘0’’), CLK (‘‘1’’), and HDS2 (‘‘1’’), and then drives its pin 
I5 output from high-to-low and back high again. 


2-8-15. When U2 pin 15 pulses, the darlington amplifier in US that drives the set coil of 
K9 also pulses. This sets (closes) the K9 relay. 


2-8-16. Now suppose a program line is executed to open channel 9 (e.g., OUTPUT 901 : 
““OPN9’’). All signal states are the same as they were when the channel was closed, except 
for HDS2 which is now a ‘‘0’’. This causes U2 pin 2 to pulse, which in turn resets (opens) K9. 
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9-8-17. Table 2-8-1 shows the various signal states that set and reset all channel relays. 


ee Table 2-8-1. Channel Decoding Truth Table 


Reset KO 
Set KO 
Reset Kl 
Set K1 
Reset K2 
Set K2 
Reset K3 
Set K3 
Reset K4 
Set K4 
Reset K5 
Set K5 
Reset K6 
Set K6 
Reset K/ 
Set K7 
Reset K& 
Set K& 
Reset K9 
Set KY 


0 
0 
0 
0 
] 
1 
1 
1 
0 
0 
0 
0 
1 
] 
1 
1 
0 
0 
0 
0 





2-8-18. Reference Junction 


2-8-19. U8 is a temperature dependent current source that is used to make temperature 
measurements using thermocouples. Because U8 is temperature sensitive, and because each 
slot in the instrument may have a slightly different temperature, each slot is calibrated for 
temperature individually. Another reason for this is because U8 may have slightly different 
characteristics from one device to the next. By individually calibrating the temperature function 
for each slot, temperature accuracy is maintained. 





2-8-20. Relay Protection 


2-8-21. The varistors used by channels 0 and | protect the relay contacts from excessive loads 
when these channels are configured as actuators. The RC network provides relay contact 
protection against arcing, especially when an inductive load is switched. 


2-8-22. TROUBLESHOOTING 
2-8-23. Troubleshooting procedures are given for the following failures: 


Unable to close one or more channels (channels 0 through 9) 
Unable to close an actuator channel (channels 0 and | only) 
Erroneous readings on multiplexer channels 

Unable to take readings using internal voltmeter 
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NOTE 





in the procedures, it is assumed that the Interface Select Code is © 
"9" and the device address is ‘‘O1’’ (i.e., ‘901’’). This is typical 

when using a HP-IL interface and the instrument is the first device 

in the loop. The procedures can also be used with HP-IB if the pro- 

per interface select code and device address are specified (e.g., ‘‘709”’ 

in place of ‘‘901’’). 


2-8-24. Channel addresses are slot dependent. The steps in the procedures assume that the 
option being checked is in slot 0. The channels for the various slots are specified as follows: 


Slot Number of Option Specify Channels 





IMPORTANT 


lf a Multiplexer Assembly is removed while troubleshootin 2, make 
sure it is re-installed in the slot from which it was removed. 


2-86-25. Recommended Equipment 


2-8-26. The test equipment used in the following troubleshooting procedures is listed in 8 
Table 2-8-2. 





Tabie 2-8-2. Recommended Test Equipment 
Recommended Model 
Digital Voltmeter HP 3456A 


Computer HP-85 equipped with HP-iL or 
HP-IB Interface and |/O ROM 


Oscilloscope HP 17414 


DC Power Supply 





2-8-27. Pre-troubleshooting Checks 


2-8-28. Before troubleshooting a suspected problem on the Multiplexer Assembly, make the 
following power supply checks. 
Check At 


Power Supply Reading 










+5. BV - +7.6V 
+5V+.25V 
+15V+.4V 


+5 
+15V 
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2-8-29. If any supply is too low, some device on the Multiplexer Assembly or on the main- 

frame is probably drawing excessive current, or the supply itself is bad. To find out if the 
problem is on the Multiplexer Assembly, unplug the ribbon cable from the Multiplexer 
Assembly and check the supplies on the ribbon cable connector as follows: 





Power Supply Check At Reading 
VB Ribbon Cable Connector +5.8V - +7.6V 
Pin 5 
+5 Ribbon Cable Connector +5V+.25V 
Pin 7? 
+ 15V Ribbon Cable Connector +15V+.4V 
Pin 13 


2-8-30. If the power supply is defective when the ribbon cable is unplugged from the Multiplex- 
er Assembly, first check the ribbon cable and ribbon cable connectors for continuity. If they 
are OK, refer to Chapter 1 (mainframe) for troubleshooting. If the power supply is good 
when the ribbon cable is unplugged, do the following: 


a. Plug the ribbon cable back onto the Multiplexer Assembly. 


b. Use a high resolution digital voltmeter (like the HP 3456A) and probe all pins on the 
iCs connected to that supply. The IC drawing excessive current will have the lowest voltage 
at its power supply connection. You can also connect one input of the voltmeter to the power 
supply and probe the pins of the IC with the other input. In this case, the largest voltage 
determines which pin Is shorted. 





2-8-31. Unable to Close One or More Channels (Channels 0-9) 


2-8-32. This problem can be caused by the ribbon cable, channel decoding logic on the 
Multiplexer Assembly, or the mainframe. If the problem will not allow any channel (or group 
of channels) to be closed, suspect the ribbon cable, or the ribbon cable connectors. If these 
appear to be OK, check the channel decoding logic using the following procedure. 


2-8-33. The procedure checks the channel decoding logic, and can be used to check all chan- 
nels. This includes channels 0 and 1, regardless of how they are configured. 


2-8-34. This procedure uses channel 9 as an example. It is the same for all channels, except 
that you must refer to the schematic for the correct IC and pin number associated with the 
channel being checked. The IC and pin numbers should be obvious. Also, the signal lines 
have different states, depending upon which channel is closed. This was outlined in Table 2-8-1. 


2-8-35. Using channel 9 as an example, do the following: 
a. Execute the following program. Modify the channel specifier as required. 
10 OUPUT 901 ; ‘*“CLS9”’ 


20 GOTO 10 
30 END 
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b. Use an oscilloscope set to a sweep me of 10 ms and monitor UI pin 10 for a TTL 
negative going 10 ms pulse. If channel 8 is being checked, make the same check at the same 
location. If the defective channel is 4, 5, 6, or 7, check for the negative going pulse at U1 
pin 11. For channel 0, 1, 2, or 3, check for the negative going pulse at U1 pin 12. If the 
negative going pulse is OK, proceed with step c. If it is wrong, do the following: 


1. Monitor U1 pin 13 (signal B) for a TTL high and U1 pin 14 (signal A) for a TTL 
negative going 10 ms pulse. These signal states will vary depending upon which chan- 
nel is selected (see Table 2-8-1). 


2. If these signals are OK, replace U1. If either is incorrect, unplug the ribbon cable 
from the Multiplexer Assembly and monitor pin 9 of the ribbon cable connector (signal 
B) for a steady TTL high, and pin 8 (signal A) for a TTL negative going 10 ms pulse. 
As in step b.1., these signal states will vary depending upon which channel is selected 
(see Table 2-8-1). 


3. If the signals on the ribbon cable connector are correct, suspect the J4 socket, although 
the problem could be U1. If the signals are still bad, the problem could be the ribbon 
cable. Check the ribbon cable continuity. 


4. If the ribbon cable is OK, the problem is on the mainframe. 


¢. Monitor U2 pin 15 for TTL positive going pulses, having a pulse width of about 10 
ms. Modify the location to check this pulse depending upon which channel is closed. For 
example, if you are closing channel 8, check the signal at U2 pin 14; if you are closing chan- 
nel 7, check the signal at U3 pin 4, etc.. If these pulses are occurring, then the SD, CLK, 
and HDS2 lines are probably OK, in which case you should proceed with step d. If these 
pulses are not occurring, do the following: 


1. Check signal line SD at U2 pin 12 to make sure it is making transitions. SD can 
be checked at this location regardless of which channel is closed. If SD is making tran- 
sitions, perform step 2. If SD is not making transitions, suspect the ribbon cable, rib- 
bon cable connectors, or the mainframe. 


2. Check signal line CLK at U2 pin 13 to make sure it is making transitions. CLK can 
be checked at this location regardless of which channel is closed. This signal has a nar- 
row pulse width, but can be viewed with a 10 ms sweep time. If CLK is making 
transitions, it is probably OK, in which case you should perform step 3. If CLK is not 
making transitions, suspect the ribbon cable, ribbon cable connectors, or the mainframe. 


3. Check signal line HDS2 at U2 pin 10 to make sure it is making transitions. HDS2 
can be checked at this location regardless of which channel is closed. If HDS2 is mak- 
ing transitions, it is probably OK. If HDS2 is not making transitions, suspect the rib- 
bon cable, ribbon cable connectors, or the mainframe. 


4. If SD, CLK, and HDS2 all checked OK, the 3 of 8 decoder associated with the channel 
closure being attempted is bad (U2, U3, or U4). 
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d. Check the relay set line (S9) at US pin 15 for negative going pulses with pulse widths 
of about 10 ms. Modify where to check the signal depending upon which channel is being 
specified. For example, if channel 8 is specified, check the signal at US pin 13; if channel 
7 is specified, check U5 pin 11; if channel 7 is specified, check U6 pin 16, etc.. The high 
level of this signal should go to VB. The low level should be about 1V. If the signal is OK 
but the channel will not close, the relay associated with that channel is defective. If the signal 
is not OK, driver US, U6, or U7 is bad (depending upon which channel is selected). 


2-8-36. Erroneous Readings on Multiplexer Channels (0-9) 


2-8-37. This problem could be caused by a defective relay, the terminal block edge connec- 
tor not making good contact with the edge connector fingers, or a bad trace. If the problem 
shows up on a channel with a series and/or shunt element installed, check that device(s) first. 
if the problem shows up on all channels, suspect the internal voltmeter, voltmeter bus cable, 
or the decoding logic. 


2-8-38. The following procedure can be used to check all channels, including channels 0 and 
| if they are configured as multiplexers. The procedure uses channel 9 as an example. Modify 
the channel specifier as required. 


a. Unplug the voltmeter bus cable from J3 on the Multiplexer Assembly being checked 


b. Remove all external connections from a terminal block edge connector and then install 
it on the Multiplexer Assembly. 


NOTE 


All channels, except 0, 1, 8, and 9, each provide a iocation for a 
series element, If the channel being checked has a series element 
installed (e.g., a resistor in the JM70 location on channel 7), use 
a short cliplead jumper and place a short across the series element. 


©. Close channel 9 by executing the following program line. Modify the channel specifier 
as required. 


OUTPUT 901 ; “*CLS9” 


d. Use an external ohmmeter (like the HP 3456A) and measure the resistance between 
HI COM and H9 on the terminal block edge connector. This checks the high line of channel 
9. To check the high line of channel 8, measure the resistance between HI COM and H8; 
for channel 7, measure the resistance between HI COM and H7, etc.. If the resistance is 
1.40 or less, the high line of the channel is OK. If it is greater than 1.40, make sure the 
terminal block edge connector is making good contact with the edge connector fingers, and 
the traces on the high line are OK. If the edge connector and traces are OK, and you are 
sure the decoding logic is operating properly (see paragraph 2-8-31), replace the relay. 
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e. Check the low line of the channel by measuring the resistance between LO COM and _ 
LY. To check channel 8, measure the resistance between LO COM and L8, etc.. If the resistance & 
is 1.40 or less, the low line of the channel is OK. If it is greater than 1.40, make sure the 
terminal block edge connector is making proper contact with the edge connector fingers, 
and the traces on the low line are OK. If the edge connector and traces are OK, and you 
are sure the decoding logic is operating properly (see paragraph 2-8-31), replace the relay. 





f. Repeat this procedure for each channel to be checked. 
g. Re-install the voltmeter bus cable. 
2-8-39. Unable to Close and Actuator Channel (Channel O or 1) 


2-8-40. Use the following procedure to check channel 0 or 1, if either is configured as an 
actuator. 


a. Make sure J6 and J7 are in the position that reflect how channels 0 and | are configured. 
For example, if both channels are configured as actuators, J6 and J7 should both be in the 
“1” position. 


NOTE 


Early Muiuplexer/ Actuator Assemblies may have a JS jocated next 
to J6. If the assembly has a JMS, always keep in in the ‘‘0’’ posi- 
tion. If J5 is placed in the ‘‘l”’ position, the mainframe may not 
recognize that the assembly is installed or think it is a Digital I/O 
Assembly. This causes confusion when attempting to close a chan- 
nel or make a measurement. 





b. Check and make sure the 5A fuse associated with the channel being checked is good. 


c. Verify that all series elements that are installed on the high and low lines of the chan- 
nels are good. 


d, Close channel | by executing the following program line. If channel 0 is checked. modify 
the channel specifier to ‘‘CLSO’’. 


OULPUT 901 ¢ “CLS” 


e. Use an external ohmmeter (like the HP 3456A) and measure the resistance between H| 
and L1 onthe terminal block edge connector. If channel 0 is checked, measure the resistance 
between HO and LO. If the resistance is 1.40 or less, the channel is good. If greater than 
1.42, make sure the terminal block edge connector is making good contact with the edge 
connector fingers. If it appears good and the address decoding logic is operating correctly, 
replace the relay. 
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2-8-41. Unable to Take Readings Using Internal Voitmeter 


. 2-8-42. If this problem shows up on some channels (but not all channels), and you are sure 
the decoding logic is operating properly, check the channels individually (see paragraph 2-8-36). 
Use the following procedure if the problem shows up on all channels and you are sure the 
decoding logic is operating properly. The procedure uses channel 9 as an example. Modify 
the channel specifier as required. 


4. If the channel has a series or shunt element installed, check those devices first. 
b. If the channel has a shunt element installed, unsolder and lift one side of it. 


c. If the channel has a series element installed, use a cliplead jumper and place a short 
across it. 


d. Plug the terminal block edge connector onto the Multiplexer Assembly to be checked. 


e. Connect the high lead of a DC Volt power supply to H9 on the terminal block edge 
connector. Connect the low lead to L9. Modify the connections to correspond to the chan- 
nel being checked. For example, if channel 8 is being checked, connect the power supply 
high lead to H8 and the low lead to L8. 


f. Take a reading by running the following program: 


10 OUTPUT 901-7" DCVS"’ 
20 ENTER 901; A 

30 DISP A 

40 END 





g. If the HP-85 is displaying the proper voltage, then the internal voltmeter is operating 
properly. If it is not displaying the proper voltage, do the following: 


|. Use an external voltmeter and measure the voltage between JM1 and JM2. Reference 
the low lead of the voltmeter to JM2. If the voltage between JM1 and JM2 is 10V, 
proceed with step 2. If the voltage is wrong or non-existent, check the terminal block 
edge connector to make sure it is making good contact with the edge connector fingers. 
If the edge connector is OK, suspect a defective relay, although the decoding logic could 
be bad. 


2. Check for 10V at J3, the voltmeter cable input connector. Red is associated with 
the high line and black is associated with the low line. If 10V appears at J3, proceed 
with step 3. If the voltage at J3 is wrong or non-existent, check for an open trace between 
JM1 and J3 and JM2 and J3. 


3. Check each line of the voltmeter bus cable for continuity. Also, make sure the 
voltmeter bus cable is oriented properly when it is plugged onto the jacks on the mother- 
board and the Multiplexer Assembly. If the bus cable is OK and it is oriented properly, 
the problem is most likely the internal voltmeter. 





= h. Reinstall the shunt element if it was removed. 
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Figure 2-8-1. Multiplexer/Actuator Assembly Schematic 
2-8-11/2-8-12 


CHAPTER 3 
© MODEL 44465A 
(OPTION 050) 
DIGITAL I/0 ASSEMBLY 














CHAPTER 3 


MODEL 44465A 
(OPTION 050) 
DIGITAL 1/0 ASSEMBLY 


Engineering Revision Codes (ERCs) 


This chapter applies directly to Digital 1/O assemblies with an engineer- 
ing revision code of 2334. See Section VII of this chapter if your assembly 
has an ERC lower than 2334. If the ERC of your assembly is above 2334, 
updating information may be on a yellow MANUAL CHANGES sup- 
plement (located at the front of the manual). 


The information in this manual is to be used by qualified service [ruined 
individuals only. To avoid personal injury, do not perform any procedures 
in this manual, or perform any servicing of the instrument or its options, 
unless you are trained in electronic circuitry and understand the hazards 
involved. 


The HP 342/A uses latching relays on the Multiplexer/ Actuator Option 
(020, 021, or 022) and on the mainframe. The state of these relays can 
only be altered under program control. This is an advantage in the sense 
that, under most conditions of failure, the relays will remain in whatever 
state your program has set them. However, in case of power or equip- 
ment failure, any application requiring a failsafe method of insuring that 
circuits under control are in a known state must be provided by the 
installer. 


If a Multiplexer/Actuator Assembly is installed in the HP 3421A, depen- 
dent on the configuration, any voltage connected to the assembly may 
also appear on the Model 3421A’s front panel terminals, Make sure you 
do not touch the terminals if any high voltage is connected to the assembly, 
or personal injury can result. 
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General Information HP 3421A 


Section V - Adjustments 
This section normally has the adjustment procedures. However, since the Digital 17O Assembly = 
has no adjustments, no procedures will be in this section. 





Section VI - Replaceable Parts 

For ease in obtaining part numbers, all the replaceable parts for the Digital 1/O Assembly 
are in Chapter 1 (Mainframe Service Information), Section VI of the manual. Ordering in- 
formation, and all chassis and mechanical parts are also included. 


Section VII - Manual Changes 

This section contains information to update this chapter for use with Digital 1/O Assemblies 
that have ERC numbers different than shown on the title page of this chapter. It also adapts 
this chapter to assemblies that are different than what is described in this chapter. 


Section VIII - Service 
This section contains troubleshooting information, theory of operation, and the schematic. 


3-1-4. OPTION DESCRIPTION 
3-1-5. The Digital 1/O Assembly provides eight digital input channels and eight digital output 
channels. The inputs are typically used to monitor the state of limit and position switches. 


The outputs can be used as low voltage and current actuators. 


3-1-6. PRINTED CIRCUIT BOARD IDENTIFICATION 





3-1-7. The Digital 1/O Board ts identified by the board number and the engineering revision 
code. These two numbers identify the electrical characteristics of the circuit board. The 
engineering revision code and board part number are listed on the schematic, component 
locator, and replaceable parts list. 


3-1-8. In any service related correspondence, identify the printed circuit board by using the 
board number followed by the engineering revision code. For example: 
44465-665 13-2334 


would identify a Digital 1/O option circuit board having an engineering revision code of 2334. 
3-1-9. BOARD PART NUMBER AND ERC NUMBERS 


3-1-10. The HP part number of the printed circuit board is etched on the pe board. It is 
a ten digit number, separated by a hyphen into two groups of five digits. The first five digits 
identify the model or assembly number; the last five digits are unique to the assembly. 


3-1-11. The ERC number is on a label which ts the only one on the pe board that has a four 
digit number. This four digit code is in the form of YYWW, where YY is the last two digits 
of the year minus 60, and WW is the week. For example, an ERC of 2334 would identify 
a change that was made to the assembly in the tenth week of 1983. Refer to Chapter 1, Section | 
for more information on ERC numbers. 


3-1-12. SPECIFICATIONS 











HP 3421A 


General Information 


3-]-13. The Digital [’O Assembly specifications are listed in Table 3-1-1. [hese specifications 
are the performance standards or limits to which the assembly can be tested. 


Table 3-1-1. Digital 1/0 Assembly Specifications 
















OPTION 050 
DIGITAL 1/0 ASSEMBLY 


Isolated input specs: 8 bits wide O- / 






Input voltage levels: 


Low voltage maximum U.8V 
High voltage minimum 2.0V 
High voltage maximum {Hi-Lo} 24,0V 
High voltage maximum (between any +42 


terminal and earth ground) 







Maximum input current at low state: 100 uA 
| Minimum input current at high state: BOO pA 
Maximum input current at high state (24V in): 25mA 


Logic polarity: Positive true 












Monitor mode (generates SRO) 
Minimum pulse width: 1 mS in DOG; 10 m5 in Di 
Trigger latch: high or low level 
Masking: any combination of the 6 bits 
Time from trigger to SRQ: 1 to 10 mS 
Entire 8 bits latched when trigger received 


| Isolated output specs: 8 bits wide O - 






7 VMOS FETS 
Output Characteristics 


| Low impedance 
< 200, sink <600 mA, 180 mW 









High impedance 
>10MQ, O to +42V across 
switch (1 watt zener protection | 
for inductive loads), or between 

any terminal and earth ground 





Each bit individually controlled 
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SECTION Il 
INSTALLATION 


The information in this manual is to be used by qualified service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 


The HP 3421A uses latching relays on the Multiplexer/ Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This is an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them. However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known state must be provided by the installer. 


If a Multiplexer/Actuator Assembly is installed in the HP 3421A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals. Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 


3-2-1. INTRODUCTION 


3-2-2. This section contains information on how to install and remove the Digital 1/O 
Assembly, and how to connect to external devices. 


3-2-3. Always use clean handling techniques and anti-static procedures when removing, 1n- 
stalling, and handling the option. 


3-2-4. INITIAL INSPECTION 


3-2-5. This option was carefully inspected and tested at the factory. If this option was ordered 
separately and needs to be installed in the HP 3421A, visually inspect it for physical damage 
that may have occured during transit. If there is any damage, promptly notify the nearest 
Hewlett-Packard Sales and Service Office. A listing of these offices is located at the end 
of this manual. If the shipping carton is damaged or the cushioning material shows signs 
of stress, notify the carrier as well as the Hewlett-Packard Office, and keep the shipping 
materials for the carrier’s inspection. The sales and service office will arrange for repair or 
replacement of your assembly (at HP’s option) without waiting for the claim against the 
carrier to be settled. 
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Installation HP 3421A 


3-2-6. GENERAL REMOVAL/INSTALLATION PROCEDURES | 
3-2-7. The following instructions shows how to remove and install the Digital 1/O Assembly e 
into the HP 3421A. 


3-2-8. Option Removal Procedure 


3-2-9. The following procedure first shows how to remove the instrument’s top cover, and 
then how to remove the options in slots 1, 0, and 2. The top cover has to be removed first 
before any options can be removed. Also keep in mind that if you wish to remove the option 
in slot 0, remove the option in slot 1 first. Do the following: 


NOTE 


[fa HP 44462A Multiplexer/Actuator Assembly is removed from 
the instrument, make sure it is re-installed in the slots from which 
it was removed, If this is not done, the instrument must be re- 
calibrated for each Multiplexer whose slot location is different than 
the slot in which it was calibrated. 


3-2-10. HP 3421A Top Cover Removal Procedure. Do the following: 


a. Make sure the ac power cord is disconnected from the instrument. Also make sure all 
external sources of power have been removed from the option terminal blocks. 





b. Dependent on which options are to be removed, remove the appropriate strain relief 
and safety cover as follows: 


1. Refer to Figure 3-2-1 and remove the two screws holding the black strain relief bar. 
2. Loosen the two captive screw that hold the grey ‘‘WARNING” safety cover. 


3. Loosen the two screws holding the terminal block to the option circuit board and 
then remove the terminal block. 


c. Turn the instrument upside down. This is preferably done on top of a protective mat 
to reduce the possibility of scratching or marring the instrument case. Refer to Figure 3-2-2 
and loosen the six screws on the instrument bottom. 


d. Hold the top cover in place and turn the instrument upright. Then remove the top cover. 


e. Refer to Figure 3-2-3 and locate the battery fuse toward the right rear of the instru- 
ment. Remove it from its socket. Instead of removing the fuse, you can unplug the red wire 
from the battery. If this is done, make sure the wire is placed out of the way and away from 
the battery. 
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Figure 3-2-1. Remove Strain Relief and Safety Cover 


LOOSEN SIX SCREWS 





Figure 3-2-2. Loosen Bottom Screws 
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Figure 3-2-3. Remove Main Battery Fuse 
3-2-11. Slot 1 Option Removal Procedure. Do the following: 


a. Refer to Figure 3-2-4 and unplug the ribbon cable connector from the option in slot 
1. Lift the connector straight up to avoid bending any pins. If the option is a Multiplexer 
Assembly, also unplug the 4-wire VM input cable. If the option is a Digital I/O or Breadboard 
Assembly, it will not have the 4-wire VM input cable. 


b. Locate and remove the four screws holding the option in place. 


c. Remove the option from slot 1. To prevent any recalibration of the option, tag the 
option as option | and make sure the same option board is placed back into the instrument 
into the same slot. 


3-2-12. Slot 0 Option Removal Procedure. Make sure the option in slot | is removed, before 
removing the option in slot 0. Do the following: 


a. Refer to Figure 3-2-4 and unplug the ribbon cable connector from the option in slot 
0. Lift the connector straight up to avoid bending any pins. If the option is a Multiplexer 
Assembly, also unplug the 4-wire VM input cable. If the option is a Digital I/O or Breadboard 
Assembly, it will not have the 4-wire VM input cable. 


b. Using a 7/32’ wrench, remove the four hex screws standoffs as shown in Figure 3-2-5. 


HP 3421A 
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Figure 3-2-4. Unplug Option Cable(s) and Remove Option Screws 





c. Remove the option from slot 0. To prevent any recalibration of the option, tag the 
option as option 0 and make sure the same option board is placed back into the instrument 


into the same slot. 


d. Leave the bottom hex standoffs in place to secure the motherboard to the chassis. 


NOTE 


The hex standoffs securing the motherboard to the chassis are shorter 
than the hex standoffs separating the slot 0 and slot I options. 


Some of the first instruments manufactured may have round 
standoffs that are riveted to the motherboard instead of the screw-in 
hex standoffs. If the instrument has round standoffs, secure the 
motherboard to the chassis by using the four loose standoffs that 
were used to separate the slot 0 and slot 1 options and the four long 
screws. These must be in place to make the proper ground connec- 
tion for the motherboard. 
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Figure 3-2-5. Removing Hex Screw Standoffs 


3-2-13. Slot 2 Option Removal Procedure. If an option occupies slot 2, do the following: 


a. Refer to Figure 3-2-4 and unplug the ribbon cable connector from the option in slot 
2. Lift the connector straight up to avoid bending any pins. If the option is a Multiplexer 
Assembly, also unplug the 4-wire VM input cable. If the option is a Digital I/O or Breadboard 
Assembly, it will not have the 4-wire VM input cable. 


b. Locate and remove the four screws holding the option in place. 
c. Remove the option from slot 2. To prevent any recalibration of the option, tag the 
option as option 2 and make sure the same option board is placed back into the instrument 


into the same slot. 


d. If an HP-IB or 12 Vdc Power Adapter Option is present, do not remove it. Leave all 
metal shields in place. 


3-2-14. Option Installation Procedure 


3-2-15. This procedure explains how to install the Digital 1/O Assembly in the instrument. 
The procedure can be used to install a new assembly or re-install one previously removed. 
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3-2-16. When re-installing option assemblies, make sure all Multiplexer/ Actuator Assemblies 

¢ are returned to the same slot from which they were removed. If this is not done, the instrument 
should be recalibrated for the temperature function of each Multiplexer Assembly occupying 
a new slot. If anew assembly is being installed, remember to calibrate the temperature function 
for each slot. 


3-2-17. When installing both Multiplexer/ Actuator and Digital 1/O Assemblies, it is recom- 
mended that Multiplexer Assemblies be installed in slots 0 and 1, and the Digital 1/O Assemblies 
in slot 2. If there are three Multiplexer Assemblies, they can be installed in all three slots. 
That is, install Multiplexer Assemblies in slots 0 and 1, if there is a choice. 


3-2-18. The following procedure shows how to install the options in slots 2, 0, and 1, and 
also how to install the top cover. Keep in mind that if you wish to install an option in slot 
1, install the option in slot O first. Do the following: 


3-2-19. Slot 2 Option Installation Procedure. Do the following: 


a. If the HP 3421A has an HP-IB or 12 Vde Power Adapter Option installed and it was 
not previously removed, place the slot 2 option on top of either the HP-IB or 12 Vde Power 
Adapter Option. If the HP 3421A does not have either an HP-IB or 12 Vde Power Adapter 
Option, place the slot 2 option directly on top of the bottom shield’s standoffs. First, however, 
make sure the slot 2 option cable is routed as shown in Figure 3-2-6. The cable’s red stripe 
should be oriented to the the right (pin 7 of the motherboard connector). 


b. Set the slot 2 option in place with the component side up. Then put the four long screws 
in place. Do not tighten the screws at this time. 





c. Plug the appropriate terminal block edge connector onto the slot 2 option. 


d. Install the rear panel cover for the HP-IB or 12 Vdc Power Adapter Option (if ap- 
plicable). 


e. Install the rear panel cover (i.e., the grey ‘*‘WARNING”’ cover) for the slot 2 option. 
f. Secure the HP-IB connector (if applicable). 


g. Align the slot 2 option so that the strain relief can be screwed into place. Screw the 
strain relief loosely into place. 


h. Tighten the four screws that secure the slot 2 option. Do not overtighten the screws. 


i. Using a short cliplead jumper, connect one end of the cliplead to ground. Use the other 
end to short out each pin of the 14-pin connector on the option in slot 2. Then plug the 
ribbon cable into the option. Make sure the red stripe on the cable is oriented to the right 
(i.e., pin 7 of the connector). If the option in slot 2 is a Multiplexer/Actuator Assembly, 
connect the 4-wire VM cable onto the option. The 4-wire cable should be oriented per the 
label on the circuit board. On the motherboard, the 4-wire cable should be plugged onto 
Ji00 with the wires oriented as noted on the motherboard. 
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Figure 3-2-6. Slot 2 Option Cable Routing 


3-2-2. Slot 0 Option Installation Procedure. This option should be installed before install- 
ing the slot 1 option. Do the following: 


a. Before installing the slot 0 option, make sure the four motherboard hex standoffs are 
in place. Do not overtighten these standoffs. Excessive tourque (> 11 in-lb) could break off 
the screw heads. 





b. Route the ribbon cable for the slot 0 option as shown in Figure 3-2-7, 


c. Set the slot 0 option in place, component side up. Make sure the cable underneath is 
not pinched. Loosely screw the remaining four hex standoffs in place. Do not tighten the 
four standoffs at this time. 


d. Using a short cliplead jumper, connect one end of the cliplead to ground. Use the other 
end to short out each pin of the 14-pin connector on the option in slot 0. Then plug the 
ribbon cable into the option. Make sure the red stripe on the cable is oriented to the right 
(1.e., pin 7 of the connector). If the option in slot 0 is a Multiplexer/Actuator Assembly. 
connect the 4-wire VM cable onto the option. The 4-wire cable should be oriented per the 
label on the circuit board. On the motherboard, the 4-wire cable should be plugged ontc 
J110 with the wires oriented as noted on the motherboard. 


e. Plug the appropriate terminal block edge connector onto the slot 0 option. 
f. Replace the rear panel grey ‘‘WARNING”’ safety cover for the slot 0 option. 


g. Align the terminal block edge connector with the rear panel holes and loosely attach 
the strain relief for slot 0. 


h. Tighten the hex standoffs to secure the slot 0 option. Do not overtighten the standoffs. @ 
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Figure 3-2-7. Slot 0 Option Cable Routing 


3-2-21. Slot 1 Option Installation Procedure. Make sure there is a slot 0 option installed, 
before installing the slot 1 option. Do the following: 


a. Route the ribbon cable from J501 on the motherboard across the slot 0 option as shown 
in Figure 3-2-8. Make sure the red stripe is oriented to the right (pin 7 of the motherboard 
connector). 








Figure 3-2-8. Slot 1 Option Cable Routing 


b. Set the slot 1 option assembly in place. Make sure the ribbon cable underneath is not 
pinched. Then loosely screw four short screws in place. Do not tighten the four screws at 
this time. 





3-2-9 


[Installation HP 3421A 


c. Using a short cliplead jumper, connect one end of the cliplead to ground. Use the other 
end to short out each pin of the 14-pin connector on the option in slot 1. Then plug the “~ 
ribbon cable into the option. Make sure the red stripe on the cable is oriented to the right 
(i.e., pin 7 of the connector). If the option in slot 1 is a Multiplexer/Actuator Assembly, 
connect the 4-wire VM cable onto the option. The 4-wire cable should be oriented per the 
label on the circuit board. On the motherboard, the 4-wire cable should be plugged onto 
J120 with the wires oriented as noted on the motherboard. 





d. Plug the appropriate terminal block edge connector onto the slot 1 option. 
e. Replace the rear panel grey “‘WARNING”’ safety cover for the slot 1 option. 


f. Align the terminal block edge connector with the rear panel holes and loosely attach 
the strain relief for slot 1. 


g. Tighten the four screws to secure the slot 1 option. Do not overtighten the screws. 
3-2-22. HP 3421A Top Cover Installation Procedure. Do the following 
a. Before replacing the top cover, first make sure the main battery fuse has been replaced 


or the red wire to the battery has been reconnected. Then locate the six plastic spacers and 
place them on the cabinet screws as shown in Figure 3-2-9. 





terre 





Figure 3-2-9. Plastic Spacer Placement 


b. Set the instrument flat on your work bench. Make sure the bale handles on the front 
feet are collapsed. 


c. Align the top cover and lower it in place. If the top cover does not go into place, make 
sure the front and rear grooves that guide it are properly aligned. If the grooves are aligned, 
one of the plastic spacers is probably out of alignment. To correct this, alternately move 
the top cover back and forth (left to right) until the spacers align properly. 





d. Once the top cover is in place, hold the two halves of the case together and turn the 
instrument upside down. Tighten the six bottom screws. 
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3-2-23. STRAIN RELIEF 


= 3-2-24. The black strain relief bar presses wires and cables connected to the terminal block 
edge connector against a piece of foam on the grey ‘““WARNING”’ safety cover. This pro- 
vides strain relief for cables and wires connected to option assemblies. 


3-2-25. Figure 3-2-10 shows several wires coming from the terminal block of the slot 2 op- 
tion. When installing the bar, loosely attach one end first. Hold the other end down and 
away from the instrument. Leave a small loop in the wires to avoid stress on the terminal 
block connections. This reduces the possibility of breaking the wires at the strain relief. Then 
rotate the bar up and connect the other end. 


3-2-26. For wires smaller than 22A WG, it 1s recommended that these wires be bundled together 


starting at no more than 4’’ from the back of the instrument. This reduces the possibility 
of breaking the wires at the strain relief. 


- TO. OR ASSOC! 
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Figure 3-2-10. Strain Relief for Slot 2 
3-2-27. TERMINAL BLOCK EDGE CONNECTOR 


3-2-28. Wires to external devices must be soldered to the lugs of the terminal block. Before 
soldering to the lugs, make a good mechanical connection. NEVER use acid core solder. 
After the solder connections have been made, cover each joint with heat shrinkable tubing. 
This prevents adjacent wires from shorting to each other and helps serve as a strain relief. 


3-2-29. Each Digital I/O Assembly has eight optoisolator inputs and eight transformer isolated 
outputs. The inputs can have levels ranging from TTL to 24V. The outputs can sink 300mA, 
but cannot exceed 0.6A. 


3-2-30. The channel connection for the terminal block is shown in Figure 3-2-11. Extra ter- 
minal blocks are available by ordering HP Part Number 44466A. 
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Figure 3-2-11. Channel Connection Sequence for the Terminal Block Edge Connector 
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SECTION Ik 
OPERATION 


The information in this manual ts to be used by qualified service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 


The HP 3421A uses latching relays on the Multiplexer/ Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This is an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them. However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known state must be provided by the installer. 


If a Multiplexer/Actuator Assembly is installed in the HP 3421A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals. Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 


3-3-1. INTRODUCTION 


3-3-2. This section contains the operating information for the Digital 1/O Assembly. This 
operating information is abbreviated, and is provided for the service trained individual, rather 
than an operator. 


3-3-3. GENERAL INFORMATION 
3-3-4. Power Requirements 


3-3-5. The Digital I/O Assembly obtains its power from the mainframe via the ribbon cable 
connector that plugs into J4. On the mainframe, this ribbon cable plugs into either J500, 
J501, or J502, depending up which slot the Digital I/O Assembly occupies. The mainframe 
power supplies used include VB and +5V. 


3-3-6. Information Transfers 


3-3-7. When operating with HP-IL, most commands will *‘hold-up’’ the computer until all 
readings have been taken. For example, suppose you have two Multiplexer/Assembly and 
one Digital I/O Assembly installed and you program the instrument to take 20 readings (one 
reading from each multiplexer channel). With a reading rate of about two per second, 10 
seconds are required to take all 20 readings. The computer cannot perform any task while 
the measurements are being taken. 
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3-3-8. With the HP-1B option installed, a switch on the HP-IB option enables and disables 
buffered transfers. This switch is factory preset to disable buffered transfers (switch up). & 
In the up position, the HP-IB interface acts much the same as the HP-IL interface, holding 
up the computer until all measurements have been made. With the switch in the down position, 
buffered transfers are enabled. This releases the computer while the instrument is taking 
measurements. The buffered transfer mode provides the fastest transfer of information. 





3-3-9. Commands that do not hold-up the computer are: digital monitor commands MN, 
MH, and ML; TOTalize function; and Digital Trigger (DT). 


3-3-10. There are some other HP-IL and HP-IB characteristics that should be understood. 
When using HP-IL and a digital monitor mode (MN, MH, ML, or DT) 1s in effect, any 
communication through the interface will cause the mode to be aborted. For example, if 
the instrument is waiting for a Digital Trigger (DT) and the computer or some other instrument 
sends any commands or data through the interface, the instrument will abort the Digital 
Monitor mode. It must be reprogrammed for that mode before it will respond. 


3-3-11. When the HP-IB option is installed and one of the Digital Monitor modes (MN, 
MH, ML, or DT) is configured, the instrument must be set to unlisten. This allows the in- 
strument to interrupt the computer by pulling the SRQ line when the interrupt causing event 
occurs. For the HP-85, this is done by the following program line, assuming the interface 
is on select code 7. 


SEND 7 ; UNL 


3-3-12. Commands 





3-3-13. Commands sent to the instrument instruct it to perform some specified task. At the 
end of this section is a list of commands that are used with the Digital I/O Assembly. Com- 
mands fall into two categories: standard and advanced. 


a. Standard commands set up the instrument and then complete a measurement task. One 
command causes a complete measurement task to be performed. 


b. Advanced Commands provide additional flexibility, but they do not perform a complete 
measurement task. These commands perform only one aspect of a measurement. Advanced 
commands are suitable for those who wish to tailor their system for some particular 
requirement. 


3-3-14. BIT List Rules 


3-3-15. The BIT list specifies the order in which digital channels are selected. The series of 
channels specified must follow these rules. 


a. The default BIT list (asserted at power on or reset) consists of all digital channels in 
numerical sequence. The BIT list can be loaded with digital input bit numbers by the BIT 
command. 


b. Channel addresses are separated by commas. However, a dash may be used to signify 
a contiguous set of channels. When using Advanced Commands, any command that specifies 
a channel must be separated from subsequent commands by either a colon (:) or a semicolon 
(;) but not a comma (,). 
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cv. No more than 30 channels are accepted into the BIT list, Legal channel numbers are 


* OO through 27. 


d. The mnemonic determines what type of channel can be loaded into the BIT list. In 
other words, if channel 1 is configured as an actuator channel, it should not be specified 
for any type of measurement (i.e., BIT1). If an attempt is made to load the channel list with 
an improper type of channel, a syntax error is generated and the command is aborted. If 
channels x-y are received and some channels in between and including x and y are the wrong 
type of channels for the command, they are not loaded into the list and the error message 
is not sent. The remainder of the channels are loaded into the list. 


e. Leading zeros are ignored. 


f. All syntax following a decimal point is ignored except for comma ({,), dash (-), semicolon 
i;), colon (:), carriage return, or line feed. 


g. Exponents are not allowed and cause a syntax error. The command is also aborted. 


h. All lower case letters are interpreted as upper case. Blanks and the plus sign (+ ) are 
ignored. Commas and minus signs are used as channel number separators. The minus sign 
is also used to specify the lowest range and the shortest gate time. Colons and semicolons 
are used as terminators. All other punctuation cause a syntax error. 


i. Terminators are required after any command (Standard or Advanced) that either specifies 
4 channel or a decimal value, when that command is to be followed by another command. 
For example, the ‘Mx’ command is used to set the SRQ mask. This command can have a 
decimal integer value ‘x’ of between 0 and 255. Therefore, this command must be followed 
by a terminator if another command is to follow it. Example: OUTPUT 901 ; **M1;TO”. 
Valid terminators are a colon (:), semicolon (;), carriage return or line feed. 
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Digital i/0 Assembly 
Command Guide 


Commands tall into one of two categories: Standard of Advanced. Each Standard Command pertorms a compiete measurement or tuncton 
while two or more Advanced Commands are generally required to perform a measurement. 


|] Means optional bit list < > means mandatory bit list 

Standard Commands 

CLS<x> CLose Single channel ‘x’, The instrument first identities the type of channel at ‘x and then if ‘x 1s: 
an Actuator - closes channel x possible actuator channel numbers re: 00.01,10.11.20,21). 
a Digital Output Bit - closes it. 
a Multiplexer - opens all multiplexer relays and closes channel ‘x’. 


OP Nix; Upen channel(s). If channel ‘x’ is not sent, then the OPN command will open all channels digital outputs, ac 
tuators, and multiplexers. If ‘x’ is sent, the instrument identifies the channels ‘x‘ is 


an Actuator - opens it. 
a Digital Output - clears bit ‘x’ 


a Multiplexer - opens it. This includes channels closed by the UC command. it 'x’ was closed as a pair (i.e.. CLP x) 
then its pair will be opened also. 


REDi REaDs the digital input byte from slot i and replies with a decimal number from 0 to 255, This decimal number 
represents the values of the bits that were set. Must be an integer value. No decimal points or extra digits allowed. 


WATi,labic WRiTe the decimal value [ablc to slot i. The value [ablc = 255. If a and/or b not received then the instrument assumes 
leading zeros. Must be an integer value. No decimal points or extra digits allowed. 


BIT<x > |,¥, 94] Reads the digital input bits (up to 30 in the bit list) and sends +0.000E +0 if the bit is low or + 1.Q00E + Oif 
the bit is high. Invalid bit numbers are 08,09,18, 19,28, and 29. Also configures for 3-digit readings. 


Advanced Commands 

Trigger: OTa = Digitai Trigger, does a T3 when digital input bit ‘a’ goes low. 

ANidecimal value O-255| ANd mask, used with MN command. 

DC{slot number, decimal integer value 0-255] Digital Clear specified output bits 

DS{slot number, decimal integer value 0-255] Digital Set specified output bits. 

LS<BIT list> Load Single channels into bit list. 

M[decimal integer number] Set SRQ Mask. 

MH <digital bit > Monitor digital input bit and SRQ interrupt when bit goes high. Exponents illegal; ignores everything after decimal! point, 
ML < digital bit > Monitor digital input bit and SRQ interrupt when bit goes low. Exponents illegal; ignores everything after decimal point. 
MN<slot number > Monitor slot and compare to AN mask and XR mask. SRQ interrupt when result = 0, Must be integer value. 

RS ReSet. 

SR Read Status Registers 

UC <channel number > Unconditionally Close specified channel. 


MR[decimal integer value 0-255] eXclusive -—oR mask, used with the MN command. 
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SECTION IV 
OPERATION VERIFICATION 


The information in this manual is to be used by quulified service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 


The HP 3421A uses latching relays on the Multiplexer/ Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This is an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them. However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known state must be provided by the installer. 


[fa Multiplexer/Actuator Assembly is installed in the HP 3421A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals. Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 


3-4-1. INTRODUCTION 


3-4-2. This section contains the operational verification procedures for the Digital 1/O 
Assembly. A Diagnostic Terminal Block (P/N 03421-66504) can be used to run verification 
tests on the HP 4446SA Digital 1/O Assembly. This is done using an HP-41C/CV Handheld 
Computer or an HP-85 Personal Computer. The HP-41C/CV must be equipped with the 
HP 44468A Data Acquisition Pac ROM to use the test fixture. To use the fixture using an 
HP-85, you must have the HP 3056DL software package or the HP 3421A Calibration and 
Test Tape Cartridge (P/N 03421-10001, Rev. C or above). 


3-4-3. RECOMMENDED EQUIPMENT 
3-4-4. The recommended test equipment to run the performance tests ts listed in Table 3-4-1. 


Table 3-4-1. Recommended Equipment 


Recommended Model 


5V DC Power Supply 


Computer HP-85 equipped with HP-IL or HP-IB 


and 1/0 ROM 


1 k§? Resistor, 5%o, 1/8 





4 Cliplead Jumpers 
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3-4-5. OPERATION TEST PROCEDURE 





3-4-6. These tests check that all output channels can be closed and opened, and that a ‘*0”’ @ 
and ‘*1’’ can be recognized on all input channels. 


3-4-7. The Digital 1/O Assembly can be installed in either slot 0, slot 1, or slot 2 to run the 
tests. Since all of the configuration is performed on the terminal block edge connector, it 
will not be necessary to remove the assembly during the tests. 


3-4-8, These procedures assume that the computer interface is set to select code ‘'9’’ and 
the device address is ‘‘O1”’ (i.e. ‘'901’’). This is typical when HP-IL is the interface being 
used and the instrument is the first device in the loop. These procedures can also be used 
with HP-IB if the proper interface select code and device address are specified (e.g., ‘‘709”’ 
in place of ‘*901’’). 


3-4-9. Channel (or bit) numbers are slot dependent. These procedures assume that the assembly 
is in slot 0. If you are checking an assembly that occupies slot | or slot 2, the OUTPUT 
statements in the programs will have to be modified accordingly (see Table 3-4-2). For ex- 
ample, to specify bit 0 on an assembly in slot 1, specify ‘10°’. Notice in Table 3-4-2 that 
bit numbers 8, 9, 18, 19, 28 and 29 are not listed. These are illegal addresses. 


Table 3-4-2. Bit Addresses 


mE Bit Address if card is in Slot # | 
[sive | sco | stor | siz 
| 10 | 20 








3-4-10. To run the operational test, do the following: 
a. Press the instrument front panel switch ‘‘OFF’’ and unplug the ac line cord. 


b. Make sure that all sources of external power are removed from the terminal block edge 
connector. Then remove the strain relief and grey WARNING safety cover from the option 
to be checked. 


c. Remove the terminal block edge connector from the option to be checked. At this point, 
either unsolder and remove all external connections from the edge connector or use one that 
does not have any connections. Extra edge connectors are available by ordering option number 
44466A. 


d. Replace the unwired terminal block edge connector onto the assembly to be checked. 
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e. Refer to Figure 3-4-1 and use cliplead jumpers to configure the terminal block edge 
- connector as follows: 


Short lug 3 to lug 13 
Short lug C to lug P 


Connect the 1 kQ resistor between lug 13 and the high (+) side of the supply 
Connect lug P to the low (—) side of the supply 
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Figure 3-4-1. Configuring the Terminal Edge Connector 


f. Digital output bit 0 is now wired to digital input bit 0 as shown in Figure 3-4-2. Since 
the FET switch has a very low on resistance, the input bit should be a *‘0’’ when the output 


bit is closed (i.e., the FET switch is on). When the output bit is opened (the FET switch 
is off), the input bit should be a “‘1”’. 





Figure 3-4-2. Bit Configuration Schematic 
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g. Connect the HP-85 [/O cables to the instrument. 
h. Press the front panel switch *‘ON’’. * 


1. Run the following program. The HP-85 should be displaying a ‘*0’’. Check and record 
the reading on the test card for bit 0 closed. The test card is located at the end of this section. 


I OUTPUT 901 5 “SCLSo* 
20 OUTPUT 901 ; ““BITQ”’ 
30 ENTER 901; A 

40 DISP A 

50 END 


J. Run the program from step 1 again after modifying line 10 as follows: 
10 OUTPUT 901 ; ‘SOPNO”’ 


k. The HP-85 should now be displaying a ‘*1’’. Check and record the reading on the test 
card for bit 0 Open. 


|. Reconfigure the terminal block edge connector as follows: 


Move the jumper on lug 3 to lug 4 
Move the jumper on lug C to lug D 
Move the jumpers on lug 13 to lug 14 

Move the jumpers on lug P to lug R & 





m. Run the following program. The HP-85 should be displaying a **0’’. Check and record 
the reading on the test card for bit 1 closed. 


10 OUTPUT 901 ; “‘CLS1”’ 
20 OUTPUT 901 ; “‘BITI”’ 
30 ENTER 901: A 

40 DISP A 

50 END 


n. Run the program from step m again after modifying line 10 as follows: 

10 OUTPUT 901 ; “SOPNI”’ 
o. The HP-85 should now be displaying a **1’’. Check and record the reading for bit | open. 
p. Reconfigure the terminal block edge connector as follows: 

Move the Jumper on lug 4 to lug 5 

Move the jumper on lug D to lug E 


Move the jumpers on lug 14 to lug 15 
Move the jumpers on lug R to lug § 
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gq. Run the following program. The HP-85 should be displaying a **0’’. Check and record 
ay the reading on the test card for bit 2 closed. 


i) OUTPUT 901 5 *“CLS2": 
20 OUTPUT 901 ; “‘BIT2’’ 
30 ENTER 901 ; A 

40 DISP A 

50 END 


r. Run the program from step g again after modifying line 10 as follows: 

10 OUTPUT 901 3; ““OPN2” 
s. The HP-85 should now be displaying a **1’’. Check and record the reading for bit 2 open. 
t. Reconfigure the terminal block edge connector as follows: 

Move the jumper on lug 5 to lug 6 

Move the jumper on lug E to lug F 

Move the jumpers on lug 15 to lug 16 


Move the jumpers on lug S to lug T 


u. Run the following program. The HP-85 should be displaying a **O”’. Check and record 
the reading on the test card for bit 3 closed. 





© 10 OUTPUT 901 ; **CLS3” 
20 OUTPUT 901 ; “BIT3” 
30 ENTER 901 ; A 
40 DISP A 
50 END 


v. Run the program from step u again after modifying line 10 as follows: 

10 OUTPUT 901 ; ““OPN3” 
w. The HP-85 should now be displaying a **1’’. Check and record the reading for bit 3 open. 
x. Reconfigure the terminal block edge connector as follows: 


Move the jumper on lug 6 to lug 7 
Move the jumper on lug F to lug H 
Move the jumpers on lug 16 to lug 17 
Move the jumpers on lug T to lug U 


y. Run the following program. The HP-85 should be displaying a “‘0’". Check and record 
the reading on the test card for bit 4 closed. 


10 OUTPUT 901 ; “*CLS4”’ 
20 OUTPUT 901 ; “‘BIT4”’ 
30 ENTER 901; A 

40 DISP A 

50 END 
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Zz. Run the program from step y again after modifying line 10 as follows: 





10 OUTPUT 901 ; ““OPN4” © 
aa. The HP-85 should now be displaying a **1’’. Check and record the reading for bit 4 open. 
bb. Reconfigure the terminal block edge connector as follows: 


Move the jumper on lug 7 to lug 8 
Move the jumper on lug H to lug J 
Move the jumpers on lug 17 to lug 18 
Move the jumpers on lug U to lug V 


cc. Run the following program. The HP-85 should be displaying a **0’’. Check and record 
the reading on the test card for bit 5 closed. 


LO. OUTPUT 90E ; “CESS” 
A OUTPOT 9041. = “BIT}”’ 
30 ENTER 901; A 

40 DISP A 

50 END 


dd. Run the program from step cc again after modifying line 10 as follows: 


10 OUTPUT 901 ; ““OPNS” 





ee. The HP-85 should now be displaying a ‘*1’’. Check and record the reading for bit 5 open. 
ff. Reconfigure the terminal block edge connector as follows: 


Move the jumper on lug 8 to lug 9 
Move the jumper on lug J to lug K 
Move the jumpers on lug 18 to lug 19 
Move the jumpers on lug V to lug W 


ve. Run the following program. The HP-85 should be displaying a **0”’. Check and record 
the reading on the test card for bit 6 closed. 


IG OUTPUT S01 ; “CES6” 
20 OUTPUT 901 ; ‘““BIT6’’ 
30 ENTER 901; A 

40 DISP A 

50 END 


hh. Run the program from step gg again after modifying line 10 as follows: 
10 OUTPUT 901 ; ‘“SOPN6”’ 


ii. The HP-85 should now be displaying a **1°’. Check and record the reading for bit 6 open. & 
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jj. Reconfigure the terminal block edge connector as follows: 


* Move the jumper on lug 9 to lug 10 
Move the jumper on lug K to lug L 
Move the jumpers on lug 19 to lug 20 
Move the jumpers on lug W to lug X 


kk. Run the following program. The HP-85 should be displaying a ‘*0’’. Check and record 
the reading on the test card for bit 7 closed. 


10 OUTPUT 901 ; ““CLS?7” 
20 OUTPUT 901 3 “BIT?” 
30 ENTER.901.; A 

40 DISP A 

50 END 


ll. Run the program from step kk again after modifying line 10 as follows: 
10 OUTPUT 901 ; ““OPN7”’ 


mm. The HP-85 should now be displaying a ‘1’. Check and record the reading for bit 
7 open. 


nn, This completes the operational verification of the Digital 1/O Assembly. If any bit 
& failed, it is recommended that it be rechecked before troubleshooting. 
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OPERATION TEST CARD ® 
Hewlett-Packard Model 444654 Test Performed By 
Digital 1/O Assembly Date a 
slot Location. 
_ Bit Address Output Bit State Reading Should Be TestPass Test Fail 
0, 10, or 20 Closed ee 0 a ee eS a 
Open a —— 1 
1. 14, oF 21 Closed a 0 ee = 
Open a 1 7 ee 
2; N25 OF 22 Closed eS 0 = ee 
Open a ee ee 1 a ss ae 
3, 13, or 23 Closed er 0 a 
Open = ee 1 
4, 14, or 24 Closed ee O _s = 
Open ee 1 eee 
5, 15, of 25 Closed ee 7 0 — 
Open a 1 _ 
6, 16, or 26 Closed ee ee 0 7 se _ See 
Open = = | 
7, 17, or 27 Closed eee oe 0 _ = 
Open een ee es 1 _ — ee 
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SECTION V 
ADJUSTMENTS 


3-5-1. This section normally contains instrument adjustment procedures. Since the Model 
44465A Digital I/O Assembly has no adjustment procedures, there is no adjustment infor- 
mation in this section. 


SECTION VI 
* REPLACEABLE PARTS 


3-6-1. This section normally contains information tor ordering replaceable parts. However, 
the replaceable parts for the Model 44465A Digital 1/O Assembly are included in Chapter 
| (Mainframe Service Information), Section VI of the manual. 
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SECTION Vil 
MANUAL CHANGES 


3-7-1. INTRODUCTION 


3-7-2. This section has information to adapt this chapter to the first Digital 1f/O Assemblies 
manufactured with HP Part Number 44465-66503 (the current assemblies have part number 
44465-66513). This section also adapts the chapter to assemblies having no ERC (Engineer- 
ing Revision Code) number or a number lower than shown on the title page. 


3-7-3. Engineering Revision Code (ERC) 


3-7-4. The engineering revision code (ERC) 1s changed whenever a change 1s made to an 
assembly. The change could be a printed circuit board revision, a component value change, 
added or deleted component, a component part number change, or a revised test and assembly 
procedure. The ERC label is the only one on the printed circuit board that has a four digit 
number. ERCs were implemented on this instrument with the introduction of the 03421-66511 
motherboard. The first ERC was 2334. Refer to Chapter 1 (Mainframe Service Informa- 
tion), Section I for more information on ERC numbers. 


3-7-5. CHAPTER CHANGES 


3-7-6. Most changes in this section apply to the schematics and component locators in Sec- 
tion VIII, and to the parts list (Table 1-6-5) in Chapter 1, Section VI of the manual. If there 
is only a minor change, like a component value change or a minor circuit change, modify 
the schematic and Table 1-6-5 presently in the manual. If a major change to a schematic 
is made, refer to the schematic and component locator In this section of the chapter, instead 
of Section VIII. 


3-7-7. If the ERC number is not listed on the title page or in this section, refer to the sup- 
plied MANUAL CHANGES supplement for updating information. Also, if a MANUAL 
CHANGES supplement ts supplied, make all indicated ERRATA changes to correct any er- 
rors in this chapter. 


CHANGE 1 
Description 
This change applies to Digital 1/O Assemblies with HP Part Number 44465-66503. This number 
was for sale in the United States and Canada only. To adapt this manual for use with HP 


Part Number 44465-66503, use the component locator shown in Figure 3-7-1 instead of the 
one shown in Section VIII. 
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HP-PART NO 44465-66503 
Figure 3-7-1. Component Locator (Change 1) 
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SECTION Vili 
SERVICE 


WARNING 





The information in this manual is to be used by qualified service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 


The HP 3421A uses latching relays on the Multiplexer/Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This is an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them. However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known state must be provided by the installer. 


If a Multiplexer/Actuator Assembly is installed in the HP 3421A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals. Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 


3-8-1. INTRODUCTION 


3-8-2. This section contains the theory of operation and troubleshooting information for 
the Digital [/O Assembly. 


3-8-3. THEORY OF OPERATION 
3-8-4. General 


3-8-5. The Digital 1/O Assembly has eight input and eight output bits. The input bits are 
isolated with optoisolators. The output bits are transformer isolated. The inputs are typical- 
ly used to monitor the state of limit switches, valves, etc.. The outputs are typically used 
as low voltage and current actuators. 


3-8-6. There are three ground references on the assembly that become important when 
troubleshooting. On input bits, the LO of the bit being checked is the reference for all com- 
ponents that are connected anywhere between the terminal block edge connector and the 
input to the optoisolator (see schematic (Figure 3-8-3)). On output bits, the LO of the bit 
being checked is the reference for all components that are connected anywhere between the 
output of the transformer and the terminal block edge connector (see schematic (Figure 3-8-4)). 
All other components on the assembly are referenced to mainframe ground. 
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3-8-7. Signal Level Requirements 





3-8-8. A logic ‘‘1’’ is recognized when reading input bits that have voltage levels anywhere 6 
between 2V and 24V. An output bit can sink up to 300mA, not to exceed 0.6VA. 


3-8-9. Communication With The Mainframe 


3-8-10. Signal line DI (DIO-D12, depending upon the slot) is used to serially transfer data 
from Ul to the mainframe. Signal line SD is used by the mainframe to serially 
output data to the Digital 1/O Assembly. Mainframe communication is explained in more 
detail in the following paragraphs. 


3-8-11. Input Bits. A schematic of one digital input is shown in Figure 3-8-1. For a ‘‘1”’ 
to be recognized, the input voltage can be anywhere between 2V and 24V. Any voltage less 
than 2V will be recognized as a ‘‘0’’. The zener diode across the input provides a 1OV clamp 
for protection. The transistor will sink excess current away from the input of the optoisolator. 
The varistor provides additional protection from voltage transients. 








IK 

<< 
1BV 

Vin 
FROM Z Vout 
INPUT TO 
CHANNEL s MAINE RAME 
SHIELD 
cq a 


Figure 3-8-1. Schematic of One Digital Input 


3-8-12. Input signals are inverted at Vout. These input signals pass through the U4 buffer 
and are latched into the U1 latching shift register. Signal line CLK serially shifts the data 
out of Ul to the mainframe via the DI line. 


3-8-13. Signal line HDS2 controls whether U1 is in the serial or parallel mode. When HDS2 
is low, U1 is in the serial mode; when HDS? is high, U1 is in the parallel mode. The parallel 
mode is entered to latch the U1 inputs. The serial mode is entered to serially shift the U1 
contents to the mainframe. 


3-8-14. Signal line A (A0-A2, depending upon the slot) is an enable line for U1. When this 
line is high, U1 is enabled. The remaining signal lines (SD, DOE, and BO-B2) are used to 
write output bits. 


3-8-15. Output Bits. A schematic representation of one digital output is shown in Figure 
3-8-2. Refer to this figure and the schematic of Figure 3-8-4 for the following explanation. 
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Figure 3-8-2. Schematic of One Digital Output 


3-8-16. Like input bits, outputs from the mainframe to the Digital I/O Assembly are transfer- 
red serially. The information, however, is transferred over the SD line to the U1 latching 
shift register. When the shift register is full, it outputs a byte which is latched into U2 by 
signal B (BO-B2, depending upon the slot). The U2 latch provides signals to one input of 
the AND gates that are associated with the various bits. The other input to the AND gates 
is a 10 kHz square wave. Hence, it is the U2 latch outputs that enable and disable the AND 
gates. 


3-8-17. When an output bit is to be closed (e.g., ““CLSO”’ is executed), the output of the 
AND gate associated with that bit will go high during the high period of the 10 kHz signal. 
This causes the bipolar transistor associated with that bit to turn on. When the transistor 
turns on, it pulses the transformer primary, which causes a capacitor on the secondary to 
charge. This places a positive voltage on the gate of the VMOS FET which causes the source 
to drain resistance to be very small (typically about 2 {). 





3-8-18. When an output bit is to be opened (e.g., ““OPN0O’’ is executed), the U2 output line 
corresponding to that bit is low. This disables the output of the AND gate associated with 
that bit, thereby not allowing the transistor to pulse the transformer, which in turn does 
not allow the VMOS FET to turn on. When the FET is off, the source to drain resistance 
is very high (typically greater than 10 MQ). 


3-8-19. Signal line DOE (Digital Output Enable) is low at all times except power-on or reset. 
At these times DOE is driven momentarily high. This ensures that the U2 latch is cleared, 
which in turn ensures that all digital output bits are cleared at power-on, or if a reset occurs. 
Signal line B (BO-B2, depending upon the slot), is a latch enable line for U2. When signal 
B goes high, U2 will latch its inputs, assuming that DOE is low. 


3-8-20. U3 is an inverting buffer that provides a means of reading back an output. This ts 
done only when writing to outputs to determine which bits need to be changed. When out- 
puts are read, it is similar to reading inputs. The inversion, therefore, is necessary because 
of the inversion that takes place when inputs are read. 


3-8-21. TROUBLESHOOTING 
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3-8-22. Troubleshooting procedures are given for the following failures: 


Low input bit reads high ® 


High input bit reads low 
Unable to close an output bit 
Unable to open an output bit 





3-8-23. If a problem is encountered when writing an output, it is suggested that you make 
sure the inputs are OK before troubleshooting an output problem. This is because, when 
writing an output, the state of U2 is read back via U3 to determine which bits are to be altered. 
This was explained in the theory of operation. Thus, a problem in writing outputs could 
actually be caused by a portion of the input circuitry. 


3-8-24. These procedures use input bit 0 and output bit 0 as examples for troubleshooting. 
This will guide you in troubleshooting a particular bit(s). However, you will have to refer 
to the schematic and substitute pin numbers and components, depending upon which bit 
you are troubleshooting. 


3-8-25. In the procedures, it is assumed that the Interface Select Code is ‘*9’’ and the device 
address is *‘01”’ (i.e., ‘*901’’). This is typical when using the HP-IL interface and the instru- 
ment is the first device in the loop. The procedures can also be used with HP-IB if the pro- 
per interface select code and device address are specified (e.g., ‘‘709”’ in place of ‘‘901°’). 


3-8-26, Bit addresses are slot dependent. The procedures use bit 0 for the option in slot 0. 
The bit address will have to be modified to correspond to the bit being checked. The bit 
addresses for the various slots are specified as follows: 





Slot Number of Option | Specify Bit 





3-8-27. lf the option is in slot O, and some other option occupies slot |, the slot 1 opluion 
must to be removed to access the slot 0 option components. If the option is in slot 1 or slot 
2, all components can be accessed without removing another option. 


3-8-28. Low Input Bit Reads High 

3-8-29. If this problem shows up on all bits, suspect a problem with U4, U1, or the main- 
frame. If the problem shows up on a specific bit(s), the problem can be any device associated 
with that input bit. To troubleshoot this problem, do the following: 


a. Connect the I/O cables between the computer and the instrument. 


b. Use a cliplead jumper and short LOO to HIO on the terminal block edge connector (i.e. 
short the two inputs to the bit to be checked). 
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c. Run the following program. Modify the bit address to correspond to the bit to be checked 


e as required. 


10 OUTPUT 901 ; “*BITO”’ 
20 ENTER 901; A 

30 DISP A 

40 GOTO 10 

50 END 


d. The computer should be displaying a 0. If it is, then that bit is OK. If it 1s displaying 
a 1, proceed with step e. 


e. Connect the ground lead of an oscilloscope probe to LOO of input bit 0 on the terminal 
block edge connector (or the LO terminal of the input bit being checked). Then probe U1] 
pin 2 (or U12-U18 pin 2, depending upon the bit) for a ground potential. Notice that pin 
| on the optoisolators is oriented differently than pin 1 on the other ICs. If U1] pin 2 is 
not a solid ground, make sure the ground lead of the probe is connected to the LO of the 
input bit being checked. If the probe is connected properly, check R15 and R23 (or the resistors 
associated with the input bit being checked). If the resistors are OK, make sure there are 
no broken traces on either the HI or LO line for that bit. If U11 pin 2 is at a potential greater 
than ground, replace U11. 


f. Move the ground lead of the scope probe to mainframe ground. 


2g. Probe U11 pin 6 (or pin 6 of U12-U18, depending upon the bit), for + 5¥V. If it is cor- 
rect, proceed with step h. If it is wrong, replace U11 (or the optoisolator associated with that bit. 





h. Check U4 pin 17 (or the input pin associated with the bit you are checking) for + 5V. 
If it is correct, proceed with step i. If it is wrong, check the trace between the optoisolator 
and the U4 buffer. 


i. Check U4 pin 3 (or the output pin associated with the bit you are checking) for +5V. 
if it is OK, proceed with step j. If it is wrong (less than 3V), check U4 pins | and 19 to make 
sure transitions are occurring. If transitions are occurring, replace U4. If they are not occur- 
ring, check U5 pin 14 to see if transitions are occurring. If they are occurring at U5 pin 14, 
replace US. If transitions are not occurring at US pin 14, the problem is with the SD line 
and could be on the mainframe or the ribbon cable going to the mainframe. 


j. Check U1 pin 8 (or the pin associated with the bit being checked) for the same level 
that was observed at U4 pin 3 in the previous step. If it is OK, proceed with step k. If it 
is wrong, check the trace between U4 pin 3 and U1 pin 8 (or the trace associated with the 
bit being checked). 


k. Check U1 pin 23 for periodic positive going TTL transitions. This is the serial data 
line going to the mainframe (DIO-DI2, depending upon the slot). If this line is making tran- 
sitions, the Digital 1/O Assembly is probably OK, and the problem is most likely on the main- 
frame. If this line is not making transitions, do the following: 


S 1. Check signal line A (AO-A2, depending upon the slot). It should be at about a +5V 
level. 
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2. Check signal line CLK. It should be making positive going I'TL transitions. 





3. Check signal line HDS2. It should be making positive going TTL transitions. HDS2 
nas a very short pulse width, and may be difficult to view. 


4. If A, CLK, and HDS2 are all OK, replace U1. If either is wrong, suspect a problem 
with the ribbon cable, ribbon cable connectors, or the mainframe. 


3-68-30. High Input Bit Reads Low 


3-8-31. If this problem shows up on all bits, suspect a problem with U4, U1, or the main- 
frame. If the problem shows up on a specific bit(s), the problem can be any device that handles 
the input bit. To troubleshoot this problem, do the following: 


a. Connect the I/O cables between the computer and the instrument. 


b. On the terminal block edge connector, connect a SV power supply to the input bit to 
be checked. Connect the HI side of the supply to the HI lug of the input bit and the LO 
side to the LO lug. 


c. Run the following program. If necessary, modify the bit address to correspond to the 
bit to be checked. 


10 OUTPUT 901 ; “BITO”’ 
20 ENTER 901; A 

30 DISP A 

40 GOTO 10 

50 END 





d. The computer should be displaying a 1. If it is, then that bit is OK. If it is displaying 
a 0, proceed with step e. 


e. Connect the ground lead of an oscilloscope probe to LOO of input bit 0 on the terminal 
block edge connector (or the LO terminal of the input bit being checked). Then probe U11 
pin 2 (or U12-U18 pin 2, depending upon the bit) for a +5V level. Notice that pin 1 on 
the optoisolators is oriented differently than pin 1 on the other ICs. If U11 pin 2 is incorrect, 
first make sure the oscilloscope probe ground lead is referenced to LO of the input bit being 
checked. If the probe is connected properly, check R15, R23, QI7, and CR235. If these com- 
ponents are OK, make sure there are no broken traces on either the HI or LO line for that bit. 


f. Move the ground lead of the scope probe to mainframe ground. 


g. Probe U1] pin 6 (or pin 6 of U12-U18, depending upon the bit), for OV. If it is correct, 
proceed with step h. If it is wrong, replace U11 (or the optoisolator associated with that bit). 


h. Check U4 pin 17 (or the input pin associated with the bit you are checking) for OV. 
If it is correct, proceed with step i. If it is wrong, check the trace between the optoisolator 
and the U4 buffer. 
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i. Check U4 pin 3 (or the output pin associated with the bit you are checking) for OV. 
e If it is OK, proceed with step j. If it is wrong, first check U4 pins 1 and 19 to make sure 
transitions are occurring. If transitions are occurring, replace U4. If they are not occurring, 
check US pin 14 to see if transitions are occurring. If they are occurring at U5 pin 14, replace 
U5. If transitions are not occurring at U4 pin 14, the problem is with the SD line and could 
be on the mainframe or the ribbon cable going to the mainframe. 


j. Check U1 pin 8 (or the pin associated with the bit being checked) for the same level 
that was observed at U4 pin 3 in the previous step. If it is OK, proceed with step k. If it 
is wrong, check the trace between U4 pin 3 and U1 pin 8 (or the trace associated with the 
bit being checked). 


k. Check U1 pin 23 for periodic positive going TTL pulses. This is the serial data line 
going to the mainframe (DIO-DI2, depending upon the slot). If this line is making transi- 
tions, the Digital I/O Assembly is probably OK, and the problem 1s most likely on the main- 
frame. If this line is not making transitions, do the following: 


1. Check signal line A (AO-A2, depending upon the slot). It should be at about a +5V 
level. 


2. Check signal line CLK. It should be making positive going TTL transitions. 


3. Check signal line HDS2. It should be making positive TTL transitions. HDS2 has 
a very short pulse width, and may be difficult to view. 


4. If A, CLK, and HDS2 are all OK, replace U1. If either is wrong, suspect a problem 
with the ribbon cable, ribbon cable connectors, or the mainframe. 





3-8-32. Unable to Close a Digital Bit 
3-8-33. If none of the digital bits will close, suspect Ul], U2, USe, or U6, or a mainframe 
problem. If the problem shows up on a specific bit(s), it could be any component on the 


assembly that is associated with that bit. 


3-8-34. To troubleshoot a specific bit, refer to paragraph 3-8-35. However, if none of the 
bits will close, do the following: 


a. Connect the I/O cables between the instrument and the computer. 
b. Connect the oscilloscope probe ground lead to mainframe ground. 


ec. Check U5 pin 12 for positive going TTL pulses with a frequency of about 10 kHz. If 
these pulses are OK, proceed with step d. If they are not OK, do the following: 


1. Check U6 pin 3 for negative going TTL pulses with a frequency of about 10 kHz. 
If U6 pin 3 is not OK, replace U6. U6 pin 3 is OK, replace US. 
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d. Run the following program. Modify the bit address to correspond to the proper slot 
(e.g., if the option is in slot 1, specify ‘*CLS10’’ on line 10). 


10 OUTPUT 901. ; “CLSO”™ 
20 GOTO 10 
30 END 


e. Monitor U1 pin 23 to see if it is making transitions. If it is, Ul and the U1 control 
signals are probably OK, in which case you should proceed with step f. If U1 pin 23 is not 
making transitions, do the following: 


1. Check the following signals for the states noted. 


Signal Check At State 


U1 pin 10 | Making TTL transitions 
A Ul pin 9 | TTL high 

CLE Ul pin 15 | Making TTL transitions 
HDS2 | U1 pin 13 | Making TTL transitions 





2. If the preceeding signals are correct, but U1] pin 23 is not making transitions, replace 
U1. If any of the preceeding signals are wrong, suspect a problem on the mainframe 
or the ribbon cable going to the mainframe. 


fi. Monitor U2 pin 2 to make sure it is a TTL high. If U2 pin 2 is OK, then U2 is probably 
OK. However, if U2 pin 2 checked OK, but you are still unable to close any output bit, suspect 
U3 or a mainframe problem. Another somewhat remote possibility would be that both U7 
and U8 are defective. If U2 pin 2 is not OK, do the following: 


1. Check U2 pin 1 (signal DOE) to make sure it is OV. If it is a TTL high, it will keep 
the U2 latch cleared. This is most likely a mainframe problem. 


2. Check U2 pin 11 (signa! BO-B2, depending upon the slot), for positive going TTL 
pulses. If U2 pin 11 is not OK, it could be a mainframe problem or a defective ribbon 


cable. 


3. If U2 pin 1 and pin 11 both checked OK, but U2 pin 2 was not a TTL high, replace U2. 


3-8-35. Use the following procedure to check a single bit. The procedure assumes that the 
option is in slot 0 and that bit 0 is being checked. Modify the bit address as required, depending 
upon the bit being checked. 
a. Connect the I/O cables between the computer and the instrument. 
b. Run the following program. Modify the bit address as required. 
IQ: OUTPUT 901 3. “CLS0” 


20 GOTO 10 
30 END 


3-8-8 
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¢. On the terminal block edge connector, connect an external ohmmeter (like the HP 3456A) 

* between HI and LO of the bit being checked. If the reading is 2 0 or less, the bit is OK. 
If the reading is 10 MQ or greater, proceed with step d. If the reading is greater than 2 0 

but less than 10 MQ, the problem is most likely the FET associated with the bit being checked 


(Q1-Q8). 


d. With the scope probe referenced to LO of the ouput bit being checked, probe the cathode 
of CR16 (or the cathode of the diode associated with that bit) for a dc voltage of about 6V. 
If it is OK, replace the FET associated with that bit. If the voltage is low, proceed with step e. 


e, Check the anode of CR16 (or the anode of the diode associated with that bit) for spikes 
that are approximately 15V p-p. If the spikes are observed on the anode, but a dc voltage 
is not observed on the cathode, replace the diode associated with the bit being checked. If 
that doesn’t solve the problem, replace C9 (or the capacitor associated with that bit). If spikes 
are not observed on the anode, proceed with step f. 


f. Move the ground lead of the oscilloscope probe to instrument ground. 


g. Check the collector of Q16 (or the bipolar transistor associated with the bit being checked) 
for a signal that pulses from 8V to OV, approximately. The high level of the signal will depend 
upon the VB voltage. If this signal is correct, replace the transformer. If it is not correct, 
proceed with step h. 


h. Check Q16 (or the bipolar transistor associated with the bit being checked) for a shorted 
junction. Also check the collector diode (CR8 for bit 0), and the transformer primary con- 
tinuity. If these devices are OK, proceed with step 1. 





i. Check U8 pin 2 for positive going TTL pulses with a frequency of about 10 kHz. If 
it is OK, proceed with step j. If U8 pin 2 is incorrect, do the following: 


1. Check U6 pin 3 for negative going TTL pulses with a frequency of about 10 kHz. 
If U6 pin 3 is OK, replace US. If U6 pin 3 is incorrect, replace U6. 


j. Check U8 pin 1 for a TTL high. Refer to the schematic and modify the U8 (or U7) 
pin number, depending upon the bit being checked. If U8 pin 1 is OK, replace U8 (or U7, 
depending upon the bit being checked). If U8 pin 1 is incorrect, do the following: 


1. Check U2 pin 3 to see if it is making transitions. If it is wrong, proceed with step Kk. 
If U2 pin 3 is OK, perform step 2. 


2. Check U2 pin 1 (signal DOE) for a TTL low, and U2 pin 11 (signal BO-B2, depending 
upon the slot) for periodic positive going transitions. If either signal is incorrect, suspect 
a problem on the mainframe, or the ribbon cable going to the mainframe. If both signals 
are OK, but U2 pin 2 does not set, replace U2. 
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k. Check the following signal lines. If all lines are OK. replace U1. If any line is bad, 
suspect a mainframe problem or a defective ribbon cable. 


Signal Check At State 
U1 pin 10 













Making TTL transistions 





A Ul pin 9 | TTL high 
CLK Ul pin 15 | Making TTL transitions 
HDS2! U1 pin 13 | Making TTL transitions 


3-8-36. Unable to Open a Digital Bit 


3-8-37. If none of the digital bits will open, suspect U1 or U2, or a mainframe problem. 
If the problem shows up on a specific bit(s), it could be any component on the assembly 
that is associated with that bit. 


3-8-38. To troubleshoot a specific bit, refer to paragraph 3-8-39. However, if none of the 
bits will open, do the following: 


a. Connect the I/O cables between the instrument and the computer. 
b. Connect the oscilloscope probe ground lead to mainframe ground, 


c. Run the following program. Modify the bit address to correspond to the proper slot 
(e.g., if the option is in slot 1, specify ‘‘OPNO”’ on line 10). 


10 OUTPUT 901 ; ‘‘OPNO’’ 
20 GOTO 10 
30 END 


d. Monitor U1] pin 23 to see if it is making transitions. If it is, Ul] and the U1 control 
signals are probably OK, in which case you should proceed with step e. If U1 pin 23 is not 
making transitions, do the following: 


1. Check the following signals for the states noted. 


Signal Check At State 
U1 pin 10 












Making TTL transitions 






A Ul pin 9 | TTL high 
CLK Ul pin 15 | Making TTL transitions 
HDS2 | U1 pin 13 | Making TTL transitions 





2. If the preceeding signals are correct, but U1 pin 23 is not making transitions, replace 
Ul. If any of the preceeding signals are wrong, suspect a problem on the mainframe 
or the ribbon cable going to the mainframe. 
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e. Monitor U2 pin 2 to make sure it is a TTL low. If U2 pin 2 is OK, then U2 is probably 
e OK. However, if U2 pin 2 checked OK, but you are still unable to open any output bit, suspect 
U3 or a mainframe problem. Another somewhat remote possibility would be that both U7 

and U8 are defective. If U2 pin 2 is not OK, do the following: 


1. Check U2 pin 11 (signal BO-B2, depending upon the slot), for positive going TTL 
pulses. If U2 pin 11 is not OK, it could be a mainframe problem or a defective ribbon 
cable. 


2. U2 pin 1 (signal DOE) should be OV. However, even if DOE is a TTL high, it will 
not affect bit openings. A TTL high on DOE will not allow a bit to be closed. 


3. If U2 pin 1 and pin 11 both checked OK, but U1 pin 2 was not a TTL low, replace U2. 
3-8-39. Use the following procedure to check a single bit. The procedure assumes that the 
option is in slot 0 and that bit 0 is being checked. Modify the bit address as required, depending 
upon the bit being checked. 

a. Connect the I/O cables between the computer and the instrument. 
b. Run the following program. Modify the bit address as required. 
10 OUTPUT 901 ; ‘*OPNO”’ 


20 GOTO 10 
30 END 





¢. On the terminal block edge connector, connect an external ohmmeter (like the HP 3456A) 
between HI and LO of the bit being checked. If the reading is 10 MQ or more, the bit is 
open. If the reading is less than 10 MQ, proceed with step d. 


d. With the ground lead of the oscilloscope probe referenced to LO of the channel, check 
the anode of CR16 (or the anode of the diode associated with the channel being checked) 
to make sure it is OV. If it is OV, the problem is with the FET associated with the channel 
being checked. If spikes are observed on the anode of the diode, the problem could be U1, 
U2, or U3, or the control signals associated with U1 or U2. Do the following: 


1. Check U2 pin 2 to see if it is OV. If it is, but spikes are observed on the anode of 
the diode, replace U8 (or U7, depending upon the bit being checked). If U2 pin 2 is 
high, check U2 pin 3 to make sure it is making transitions. If it is, perform step 2. 
If U2 pin 3 is high, skip step 2 and perform step 3. 


2. Check signal B (BO-B2, depending upon the slot) for periodic positive going pulses. 
If signal B is incorrect, suspect a problem on the mainframe, or the ribbon cable going 
to the mainframe. If signal B is OK, but U2 pin 2 is not OV, replace U2. 
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3. Check the following U1] control signals. If they are all correct, replace U1. If any 
are incorrect, suspect a problem on the mainframe or the ribbon cable going to the * 
mainframe. 





Signal Check At State 


Ul pin 10 | Making TTL transitions 
A Ul pin 9 | TTL high 

CLK Ul pin 15 | Making TTL transitions 
HDS2 | UI pin 13 | Making TTL transitions 





4. If all the components appear to check OK, but a bit cannot be opened, replace U3. 
If that doesn’t solve the problem, the problem is most likely on the mainframe. 
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CHAPTER 4 


MODEL 44461A 
(OPTION 201) 


HP-IB OPTION ASSEMBLY 


Engineering Revision Codes (ERCs) 


This chapter applies directly to HP-IB assemblies with an engineering revi- 
sion code of 2420. See Section VII of this chapter if your assembly has 
an ERC lower than 2420. If the ERC of your assembly is above 2420, 
updating information may be on a yellow MANUAL CHANGES sup- 
plement (located at the front of the manual), 





The information in this manual is to be used by qualified service trained 
individuals only. To avoid personal injury, do not perform any procedures 
in this manual, or perform any servicing of the instrument or its options, 
unless you are trained in electronic circuitry and understand the hazards 
involved, 


The HP 3421A uses latching relays on the Multiplexer/ Actuator Option 
(020, 021, or 022) and on the mainframe. The state of these relays can 
only be altered under program control. This is an advantage in the sense 
that, under most conditions of failure, the relays will remain in whatever 
state your program has set them. However, in case of power or equip- 
ment failure, any application requiring a failsafe method of insuring that 
circuits under control are in a known state must be provided by the in- 
Staller, 


[fa Multiplexer/ Actuator Assembly is installed in the HP 3421A, depen- 
dent on the configuration, any voltage connected to the assembly may 
also appear on the Model 3421A’s front panel terminals. Make sure you 
do not touch the terminals tf any high voltage is connected to the assembly, 
or personal injury can result. 
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SECTION | 
GENERAL INFORMATION 


The information in this manual is to be used by qualified service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 


The HP 3421A uses latching relays on the Multiplexer/Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This is an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them. However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known State must be provided by the installer. 


If a Multiplexer/Actuator Assembly is installed in the HP 3421A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals. Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 


4-1-1. INTRODUCTION 


4-1-2. This chapter is intended for use by qualified service trained personnel only. Other 
individuals refer to the ‘‘HP 3421A Operating, Programming, and Configuration Manual”’. 


4-1-3. The installation and service information of the HP 44461A HP-IB* Assembly is in 
this chapter. Condensed operating (i.e., programming) information for the service trained 
individual is also provided. For complete operating information, refer to the “‘HP 3421A 
Operating, Programming, and Configuration Manual”’. 


4-1-4. The chapter has eight sections that are assigned as follows: 


Section I - General Information 
This section describes the content of Chapter 4, has a brief description of the HP-1B Assembly 
and lists the available cable accessories. 


Section Il - Installation 
This section explains how to install the assembly in the HP 3421A. Information is also given 
on general HP-IB interface requirements such as switch settings, cable length, etc. 


HP-IB (Hewlett-Packard Interface Bus) is Hewlett-Packard’s implementation of the IEEE 488-1978 and ANSI 
MC1.1. 


4-1-1 


General Information HP 3421A 


4-1-2 


section II] - Operation 
This section contains condensed operating instructions for service trained individuals. & 





Section [IV - Operation Verification 
This section contains the operation verification procedure for the HP-IB Assembly. 


Section V - Adjustments 
This section normally has the adjustment procedures. However, since the HP-IB Assembly 
has no adjustments, no procedures will be in this section. 


Section VI - Replaceable Parts 

For ease in obtaining part numbers, all the replaceable parts for the HP-IB Assembly are 
in Chapter 1 (Mainframe Service Information), Section VI of the manual. Ordering infor- 
mation, and all chassis and mechanical parts are also included. 


Section VII - Manual Changes 

This section contains information to update this chapter for use with HP-IB Assembly that 
have ERC numbers different than shown on the title page of this chapter. It also adapts 
this chapter to assemblies that are different than what is described in this chapter. 


Section VIII - Service 
This section contains troubleshooting information, theory of operation, and the schematic. 


4-1-5. OPTION DESCRIPTION 





4-1-6. The HP 44461A (Option 201) is an HP-IB interface for the HP 3421 A. Since all Model 
3421A communication is carried out via HP-IL, this interface serves as an HP-IB to HP-IL 
converter as well as an HP-IL to HP-IB converter. The HP-IB Assembly operating power 
is provided by the mainframe and requires less than 1W. 


4-1-7. PRINTED CIRCUIT BOARD IDENTIFICATION 


4-]-8. The HP-IB Board is identified by the board number and the engineering revision code. 
These two numbers identify the electrical characteristics of the circuit board. The engineer- 
ing revision code and board part number are listed on the schematic, component locator, 
and replaceable parts list. 


4-1-9. In any service related correspondence, identify the printed circuit board by using the 
board number followed by the engineering revision code. For example: 


4446] -66502-2310 
would identify a HP-IB option circuit board having an engineering revision code of 2310. 
4-1-10. BOARD PART NUMBER AND ERC NUMBERS 
4-]-11. The HP part number of the printed circuit board is etched on the pe board. It is 


a ten digit number, separated by a hyphen into two groups of five digits. the first five digits 
identify the model or assembly number; the last five digits are unique to the assembly. 





HP 3421A General Information 


4-}-12. The ERC number is on a label which is the only one on the pe board that has a four 
digit number. This four digit code is in the form of YYWW, where YY is the last two digits 

of the year minus 60, and WW is the week. For example, an ERC of 2310 would identify 
a change that was made to the assembly in the tenth week of 1983. Refer to Chapter 1, Sec- 
tion I for more information on ERC numbers. 





4-1-13. ACCESSORIES 
4-1-14. The following cable accessories are available for the HP-IB option. 


1 Metre HP-IB Cable (HP Part Number 10833A) 
2 Metre HP-IB Cable (HP Part Number 10833B) 
4 Metre HP-IB Cable (HP Part Number 10833C) 
0.5 Metre HP-IB Cable (HP Part Number 10833D) 


4.1-15. SPECIFICATIONS 
4-1-16. There are no specifications for the HP-IB Assembly. However, when operating from 


the HP 3421A’s internal battery, portable operating time is reduced to 6 hours. This assumes 
that the battery has a full charge when portable operation begins. 
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SECTION Il 
INSTALLATION 


The information in this manual is to be used by qualified service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 


The HP 3421A uses latching relays on the Muttiplexer/Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This is an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them, However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known state must be provided by the installer. 


If a Multiplexer/Actuator Assembly is installed in the HP 342/A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals. Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 


4-2-1. INTRODUCTION 


4-2-2. This section explains how to install the HP 44461A HP-IB Assembly in the instru- 
ment. Generally, the procedures assumes that the HP-IB assembly is being installed in the 
instrument the first time. Also included in this section are initial inspection procedures, power 
requirements, switch settings, and instructions for repackaging and shipment. 


Use clean handling techniques and anti-static procedures when 
handling the option assembly. The HP-IB assembly contains CMOS 
devices which are susceptible to damage from static discharges. 


4-2-3. INITIAL INSPECTION 


4-2-] 


Installation HP 3421A 


4-2-4. [his option was carefully inspected and tested at the factory. lf this option was ordered 
separately and needs to be installed in the HP 3421A, visually inspect it for physical damage © 
that may have occured during transit. If there is any damage, promptly notify the nearest 
Hewlett-Packard Sales and Service Office. A listing of these offices is located at the end 

of this manual. If the shipping carton is damaged or the cushioning material shows signs 

of stress, notify the carrier as well as the Hewlett-Packard Office, and keep the shipping 

materials for the carrier’s inspection. The sales and service office will arrange for repair or 

replacement of your assembly (at HP’s option) without waiting for the claim against the 

carrier to be settled. 





4-2-5, POWER REQUIREMENTS 
4-2-6. Electrical Power is supplied by the HP 3421A Mainframe. 


4-2-7. INSTALLATION PROCEDURE 


WARNING 


Only qualified service trained individuals should rernove, instail, 
or reconfigure the option assemblies. 


LETHAL voltages may be present on multiplexer option assemblies 
even though the instrument is disconnected from the ac power line. 
Before doing ANY handling or servicing of the option assemblies, 
make certain that all external sources of power to the option 
assemblies have been removed. 





4-2-8. To install the HP-IB assembly, the HP 3421A case must be disassembled. If an op- 
tion occupies slot 2 of the Model 3421A, it must be removed before the HP-IB option can 
be installed. If you remove an option, note the orientation and routing of all cables and plugs 
as they must be reinstalled in the same manner. Use the following procedure to install the 
HP-IB assembly. 


a. Make sure the HP 3421A is turned off and ac power cord is disconnected from the 
instrument. Also make sure all external sources of power have been removed from the op- 
tion terminal blocks. 


b. Turn the instrument upside down. This is preferably done on top of a protective mat 
to reduce the possibility of scratching or marring the instrument case. Refer to Figure 4-2-1 
and loosen the six screws on the instrument bottom. 
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Figure 4-2-1. Loosen Bottom Screws 
c. Hold the top cover in place and turn the instrument upright. Then remove the top cover. 


d. Refer to Figure 4-2-2 and locate the battery fuse toward the right rear of the instru- 
ment. Remove it from its socket. Instead of removing the fuse, you can unplug the red wire 
from the battery. If this is done, make sure the wire is placed out of the way and away from 
the battery. 








Figure 4-2-2. Remove Main Battery Fuse 


e. Remove the black strain relief and grey ‘‘WARNING”’ safety cover form slot 2 as 
follows: 


1. Remove the two screws holding the black strain relief bar. 


@ 2. Loosen the two captive screw that hold the grey ““‘WARNING”’ safety cover. 


4-2-3 
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3. Loosen the two screws holding the terminal block to the option circuit board and 
then remove the terminal block. % 





f. If an option is installed in slot 2, refer to Figure 4-2-3. Unplug the ribbon cable connec- 
tor from the option in slot 2. Lift the connection straight up to avoid bending any pins. If 
the option is a Multiplexer Assembly, also unplug the 4-wire VM input cable. If the option 
is a Digital I/O or Breadboard Assembly, it will not have the 4-wire VM input cable. 
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Figure 4-2-3. Removing the Slot 2 Option 
g. Locate and remove the four screws holding the option in place. 


h. If there was previously an HP-IB assembly installed in the HP 3421A, continue with 
step k. If no HP-IB assembly was previously installed (i.e., you are installing the HP-IB 
option the first time), remove the metal shield and discard it (see Figure 4-2-4). A new shield 
with shorter standoffs is supplied with the option. 





Figure 4-2-4. Metal Shield 
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i. Remove the old back panel with the HP-IL connector. Unplug the HP-IL connector 
from the motherboard, as shown in Figure 4-2-5. 
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Figure 4-2-5. HP-IL Back Panel and Connector 
j. Install the new metal shield (short standoffs) in place of the old shield. 


k. Refer to Figure 4-2-6 and plug the various cables and wires between the HP-1B option 
assembly and motherboard as follows: 


For installation and operating safety, make sure the green-while 
wire is connected exactly as directed. 





Green-white wire between J802 on the HP-IB board and J702 on the HP 3421A mother- 
board (HP-IB ground). In early instruments, the wire was soldered to earth ground 
on the motherboard AC connector (J700). 


Connect the 2-wire cable (red and black wires) between J803 on the HP-IB option board 
and J701 on the HP 3421A motherboard. The red wire is connected to ‘‘+’’ on the 
HP-IB board and toward the rear of the HP 3421A motherboard. 


Connect the 4-wire cable (blue and yellow wires) between J804 on the HP-IB option 
board and J505 on the motherboard. Make sure the cable is connected to the HP-IB 
board as shown on the board (i.e., blue wire to BLU and yellow wire to YEL). Also 
make sure the yellow wire is connected to pin | of J505 and the blue wire to pin 4 of 
J505 on the motherboard. 
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Figure 4-2-6. Connect HP-IB Option Wires/Cables © 
I. Place the HP-IB option on top of the bottom shield with the component side down. 


m. Refer to Figure 4-2-7 and tighten the two screws that secure the HP-IB back panel 
to the HP 3421A rear panel. 
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Figure 4-2-7. HP-IB Back Panel 


n. Set the slot 2 option in place with the component side up. Then put the four long screws 
in place. Do not tighten the screws at this time. 


o. Plug the appropriate terminal block edge connector onto the slot 2 option. 





p. Install the rear panel cover (i.e., the grey ‘‘WARNING”’ cover) for the slot 2 option. 
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r. Align the slot 2 option so that the strain relief can be screwed into place. Screw the 


. strain relief loosely into place. 


s. Tighten the four screws securing the slot 2 and HP-1B option assemblies to the main- 
frame. Do not overtighten the screws. 





t. Using a short cliplead jumper, connect one end of the cliplead to ground. Use the other 
end to short out each pin of the 14-pin connector on the option in slot 2. Then plug the 
ribbon cable into the option. Make sure the red stripe on the cable is oriented to the right 
(i.e., pin 7 of the connector). If the option in slot 2 is a Multiplexer/Actuator Assembly, 
connect the 4-wire VM cable onto the option. The 4-wire cable should be oriented per the 
label on the circuit board. On the motherboard, the 4-wire cable should be plugged onto 
J100 with the wires oriented as noted on the motherboard. 


u. Reinstall the battery fuse or reconnect the red wire to the battery. 


v. Locate the six plastic spacers and place them over the six cabinet screws as shown in 
Figure 4-2-8. 





Figure 4-2-8. Plastic Spacer Placement 


w. Set the instrument on your work bench. Make sure the bale handles on the front feet 
are collapsed. 


x. Align the top cover and lower it in place. If the top cover does not go into place, make 
sure the front and rear grooves that guide it are properly aligned. If the grooves are aligned, 
one of the plastic spacers is probably out of alignment. To correct this, alternately move 
the top cover back and forth (left to right) until the spacers align properly. 


y. Once the top cover is in place, hold the two halves of the case together and turn the 
instrument upside down. Tighten the six screws. 
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4-2-9. HP-IB OPTION SWITCHES 





4-2-10. The HP-IB assembly has an eight segment switch located near the rear panel. These 
switches are used to set the HP-IB address and to enable/disable buffered transfers. Two 
of these switches are reserved for the implementation of digital signature analysis. Access 
to the switches is gained by removing the grey access panel. Note that the two hex nuts on 
the HP-IB connector must also be removed. 


4-2-11. HP-IB Address Switches 


4-2-12, The HP-IB address is determined by the setting of the five right-most switch segments 
(as viewed from the rear panel, component side down). At power-on, these switch segments 
are read and the HP-IB address displayed. Normally, the HP-IB option is preset to address 
Q9 at the factory. However, when the HP 3421A is shipped as part of HP 3056DL system, 
it will have an address of either 01 or 02. Refer to Figure 4-2-9 for setting the address switches. 
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Figure 4-2-9. HP-IB Addresses 
4-2-13. Buffered Transfer Enable Switch 
4-2-14. Switch segment 6 is used to enable and disable buffered transfers. The details of 
buffered transfers are described in the HP 3421A Operating, Programming, and Configura- 
tion Manual. As a general rule, this switch segment should be left in the ‘‘0’’ position (up). 


This position disables buffered transfers. 


4-2-15. Signature Analysis Switches 





4-2-16. Switch segments 7 and 8 are reserved for the implementation of signature analysis. 
For normal operation, these switches must be in the ‘‘0’’ position (up). 
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4-2-17. HEWLETT-PACKARD INTERFACE BUS (HP-IB) 


¢ 4-2-18. The Hewlett-Packard Interface Bus (HP-IB) is a carefully defined parallel bus 
consisting of sixteen signal lines which can interconnect up to fifteen devices. The signal lines 
are grouped into three sets, according to function. A pictorial view of the HP-IB connector 
and its pin designations is shown in Figure 4-2-10. A diagram of the interface connections 
and bus structure is shown in Figure 4-2-1]. 
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13 DIOS to the instrument. identification of the two types of mounting 
14 DIO6 studs and lockscrews is made by their color. English threaded 
is pi07 fasteners are colored silver and metric threaded fasteners are 
16 Dias colored black. DO NOT mate silver and black fasteners to each 
5 EOI other or the threads of either or both will be destroyed. Metric 
17 REN threaded HP-/B cable hardware illustrations and part numbers 
6 DAV follow. 
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Figure 4-2-10. HP-IB Connector 


4-2-19. Interface Cable Length 


4-2-20. The maximum accumulative length of HP-IB cables in any system must not exceed 
2 metres of cable per device or 20 metres total, whichever is less. 


4.2-21. PACKAGING FOR SHIPMENT 


4-2-22. Do not return the HP-IB option assembly, or any other option assembly, separate- 
ly. Return the entire instrument. The exception to this would be if an assembly was ordered 
and received with obvious damage. When returning the HP 3421A to Hewlett-Packard for 
service, attach a tag to the instrument identifying the owner and indicating the service to 
be performed. Include the model number and full serial number of the instrument. In any 
correspondence, identify the instrument by model number and full serial number. 


4-2-23. Place the instrument in its original container with appropriate packing material and 
seal the carton with strong tape or metal bands. If the original container is not available, 
one can be purchased from your local HP Sales and Service Office. 
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Figure 4-2-11. Interface Connections and Bus Structure 
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SECTION Il 
OPERATION 


The information in this manual ts to be used by quaitfied service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 


The HP 3421A uses latching relays on the Multiplexer/ Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This ts an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them. However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known state must be provided by the installer. 


If a Multiplexer/Actuator Assembly ts installed in the HP 3421]A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals. Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 


4-3-1. INTRODUCTION 


4-3-2. This section contains operating instructions for the HP-IB interface. For more detailed 
instructions, refer to the HP 3421A Operating, Programming, and Configuration Manual. 
The examples in this section assume that an HP-85 computer is used as the system controller. 


4.3.3. Rear Panel Features 


4-3-4. Figure 4-3-1 shows a portion of the HP 3421A rear panel. Note the location of the 
HP-IB connector, HP-IL connector, and the HP-IB/HP-IL switch. The HP-IB/HP-IL switch 
must be ‘‘IN’’ to use HP-IB and ‘‘OUT”’ to use HP-IL. It is impossible to use both HP-IB 
and HP-IL interfaces simultaneously. All examples in this section assume that the switch 
is set for HP-IB. 


4-3-5. Internal Battery Operation 
NOTE 
On older HP 3421A’s with serial numbers 2338A03052 and beiow 


or Al Assemblies with an ERC of 2334 and below, the display turns 
off when the Model 3421A goes into the low power state. 
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Figure 4-3-1. HP 3421A HP-IB Rear Panel 


4-3-6, The instrument can be operated from its internal battery up to 12 hours when HP-IL 
is the interface standard or for six hours if HP-IB is the standard, assuming a fully charged 
battery before portable operation. If the battery is low (<5.8V) when the Model 3421A is 
turned on, the instrument displays ERROR 27 and then goes into a power down state 
(HP 3421A is inoperative) in approximately three seconds. If the battery goes below 5.8V 
during operation, the ERROR indicator turns on and the instrument goes into the power 
down state in approximately three minutes, after detecting the low battery. During the power 
down state, the instrument is completely inoperative, except for the display. If the power 
down state is enabled at turn on, the power indicator and ERROR 27 remain displayed. If 
the state is enabled during instrument operation, both the power and error indicators, and 
the previously closed channels will remain displayed. The battery is charged automatically 
when ac power is connected to the HP 3421A. A discharged battery that is between 1V and 
5.8V can take up to 16 hours to fully charge with the front panel switch off. When the switch 
is On, it takes about 21 hours if the Model 3421A has HP-IL and longer if equipped with 
HP-IB. A fully discharged battery (<1V) can take up to 48 hours to charge. 





4-3-7. ADDRESSING 
4-3-8. HP-IB Addressing 


4-3-9. The instrument HP-IB address is determined by switch settings on the HP-IB option 
assembly (see Section II). The factory preset address is 09. In the examples given in this section, 
the instrument will be at address 709. This refers to a computer interface select code of ‘‘7”’ 
and an instrument HP-IB address of ‘‘Q9’’. 


4-3-10. HP-IL Addressing 


4-3-11. When the HP-IL interface is being used, the system computer automatically assigns 
an address to each device. Addresses are assigned sequentially around the loop in the direction 
of information flow. The address set by the HP-IB address switches is ignored. Refer to 
the HP 3421A Operating, Programming, and Configuration Manual for more addressing 
information and examples using the HP-IL interface. 





4-3-12. COMMANDS 
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4-3-]3, Commands instruct the HP 3421A to perform some specified measurement or task. 
= Table 4-3-1 describes the HP 3421A standard commands. These commands set up the HP 

3421A and cause it to complete a measurement task. Advanced commands are more flexi- 
ble, but they do not perform a complete measurement task. Advanced Commands are described 
in the Operating, Programming, and Configuration Manual. 





Table 4-3-1. HP 3421A Standard Commands 

| DC Volts. Sets the voltmeter to DCV (F1), Autorange on (RA1), Autezero on (Z1), and 5 % digit 

resolution (N5). If no channel list is sent, the channel list is not changed but software single trigger 
(T2) is executed. If a channel list is sent, they are loaded in the order received, then a reading is 
made from each channel in sequence and stored (T3). DCV always opens the last channel before 
closing the next channel in the list. It exits with the last channel in the list closed. If no channel 
list was sent, DCV exits with the channels in the same state they were in prior to the command. 
When the HP 3421A is addressed to talk, all readings will be sent in the sequence they were taken. 


DCV[x,y,...2] 





















| ACV|x,y,...2] Same as DCV but for AC Volts (F2) and 4 % digit (N4) resolution. 


TWOIx,y,...21 Same as for DCV but for 2-wire ohms measurements (f3). 


| FWOlx.y,...2] Same as for DCV except for 4-wire ohms (F4) measurements. Channels are automatically paired 
with x +10, y+10,... z+ 10 unless x,y,...z are between 20 and 29 in which case they are paired 


with x-20,y-20,...z-20. Channel pairs are closed simultaneously. 


Same as for DCV except does a software compensated temperature measurement (F6) for a T-type 
thermocouple. Results are returned in degrees C. 


| TEMIx.y,...2! 


: REF|x| Measures the reference junction temperature (F5) on the 44462A (option 020) assembly where | 
channel x is located. If x is not sent, then it defaults to the assembly where a multiplexer channe! | 
is closed. If no multiplexer channel is closed, then it defaults to the 44462A assembly in the lowest 


| numbered slot. Result is returned in degrees C. 


Measures frequency (F7) with a 1 second gate time (GO) and 5 '% digit resolution. Otherwise the 
same as DCV. 


| FRO[x,y,..-2/ 





Totalizes events up to a maximum count of 65,535. If channel x is sent, the HP 3421A will open 
all other channels, close x, clear the counter and begin totalizing. If x is not sent, then the counter 
will clear and begin totalizing without changing channels. If the HP 3421A is addressed to talk, 
it will send the current subtotal without disrupting the counter. 


| TOT|x! 


Close single channel x. The HP 3421A identifies the type of channel at address x and if x ts: 
| an actuator - closes channel x 

a digital output bit - closes (low impedance) switch x. 

a Multiplexer - opens all other multiplexer relays and closes x. 


CLP <x > Closes a pair of channels. The HP 3421A will open all multiplexer channels, and then close chan 


nels x and x +10. If x =20, then it closes x and x-20. If either x or its pair is not a multiplexer chan- 
nel. then no channels are closed or opened and an error is generated. 

| OPN= x > Open channel(s). if x is not sent, then the OPN command will open all channels - digital output bits, 
multiplexer and actuator relays. If x is sent, the HP 34217A determines the type of channel and if x is: 


| an Actuator - opens the relay 
a Digital Output Bit - clears bit x (high impedance). 


A Multiplexer - opens the relay. This includes the channels closed by the UC command. If x was | 
closed as a pair, then its pair will be opened also. 

RED <1 > Reads the digital input byte from slot i and replies with a decimal number from 0 to 255. This decimal 

number represents the sum of the values of the bits that were set. 

| WRT <labic > | Write the decimal value [ab]c to slot i. The value [ablc =255. If a and/or b is not sent, then the | 

HP 3421A assumes leading zero’s. 





Reads the digital input bits(up to 30 in the bit or channel list) and sends + O.000E + 0 if the bit is 


| BIT <x\,y,...x] > | 
| low or +1.000E +0 if the bit is high. 
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4-3-14. Standard commands are convenient to ease the task of programming. All of the 
examples in this section use standard commands. = 





4-3-15. SENDING INSTRUCTIONS TO THE HP 3421A 


4-3-16. Decide what task or measurement you want the instrument to perform and deter- 
mine the appropriate command. For example, to make a DC voltage measurement, use the 
DCV command. To make temperature measurements (using T-Type thermocouples), use the 
TEM command. 


4-3-17. Determine the channel from which the measurement is to be made. If the DC voltage 
measurement is to made from channel 15, execute the command DCV15. The following 
message would be executed from the computer: 


OUTPUT’ 709: ¢ “DCVIS” 


4-3-18. If the same type of measurement is to be made from several channels, a channel 
list can be used to specify those channels. For example, if T-Type thermocouples are con- 
nected to channels 2 through 8 and channel 14, the following command will cause one 
temperature measurement to be made from each channel: 


OUTPUT 709 ; “*TEM2-8,14’’ 


4-3-19. The eight temperature measurements will be stored in the instrument’s internal 
memory. Channel 2 will be measured and stored first. Next, channel 3 will be measured and 
stored. This pattern will continue until channel 14 is stored. A maximum of thirty readings 
can be stored in this manner. Paragraph 4-3-23 shows how to get the readings out of internal 
memory. 





4-3-20. Channel List 
4-3-21. The series of channels specified in the channel list must adhere to the following rules: 


a. [he mnemonic determines which type of channel can be loaded into the channel list. 
In other words, the channel list can be loaded with multiplexer channels (not actuator or 
digital) by the DCV, ACV, TWO, FWO, TEM, FRQ, LS, or LP commands. It can be loaded 
with actuator channels with the CLS and CLP commands. The channel list can be loaded 
with digital channels with the BIT command. 


b. Channel addresses are separated by a comma. However, a dash may be used to signify 
a contiguous set of channels. 


c. No more than 30 channels are accepted into the channel list. Legal channel numbers 
are 0 through 29. 


d. Leading zeros are ignored. Example: DCV000019 means the same as DCV19. 
e. All syntax following a decimal point is ignored except for commas, dash, semicolon, 


colon, Carriage Return, or Line Feed. In other words, DCV2.3 is interpreted as DCV2. 
exponents are not allowed and cause a syntax error. 
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ft. All lower case letters are interpreted as upper case. Blanks and plus signs (+ ) are ignored. 
For example, Dc V +21 is interpreted as DCV21. 





g. Terminators are required after any command (Standard or Advanced) that specifies 
either a channel or a decimal value, when that command is to be followed by another 
command. For example, OUTPUT 709; ‘‘M1;TO’’. Valid terminators are a colon (:), a 
semicolon (;), a Carriage Return or a Line Feed; but not a comma (,). 


4-3-22, Refer to the HP 3421A Operating, Programming, and Configuration Manual for 
more information on programming and channel lists. 


4-3-23. RECEIVING DATA FROM THE HP 3421A 


4-3-24. Previously it was explained how to instruct the HP 3421A to take a single DC voltage 
reading from channel 15. The following program shows that same command and how to 
get the reading back to the computer. 


10 OUTPUT 709; ‘“‘DCV15”” ! FROM PARAGRAPH 4-3-17 
20 ENTER 709; A 

30 DISP A 

40 END 


4-3-25, The HP 3421A is addressed to talk by the ENTER 709 command. The measured 
voltage is returned to the computer and stored in variable A. Line 30 instructs the computer 
to display the value of the reading. 





4-3-26. Another example was previously given for taking temperature measurements from 
channels 2 through 8 and channel 14. To read back those measurements, use a variable for 
each measurement or set up an array. The two sample programs that follow show how these 
two methods can be done. 


10 OUTPUT 709 ;**TEM2-8,14”’ 
20 ENTER 709 ;A,B,C,D,E,F,G,H 
30 DISP: A,B, C,D,E,P,G,H 

40 END 


OF 


10 DIM A(8) 

20 OUTPUT 709 :**TEM2-8,14” 
30 FOR I=1 TO 8 

40 ENTER 709 ;A(I) 

50 DISP A(1) 

60 NEXT I 

70 END 


4-3-27, In the first example, a separate variable is used to store each reading. The second 
example used an array to store the measurements. 


& 4-3-28. Output Format 
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4-3-29. Measurement data is sent by the HP 3421A as ]3 bytes in the following format (5 


digit mode): = 


Measurements: +d.dddddE +d cr lf 
Error: —8.88888E —& cr If 
Overload: +9.99999F +9 er If 





Digital data is sent as: 


Digital Data: ddd cr If (where 0<ddd<255 decimal) 
Digital Error: 888 cr If 


The character ‘‘d’’ represents a single digit. Carriage Return is shown as “‘cr’’ and Line Feed 
is shown as “‘If’’. 


4-3-30. HP 3421A RESPONSE TO HP-IB INTERFACE MESSAGES 


4-3-31. The following paragraphs deal with HP-IB interface commands and how the 
instrument responds to them. Refer to the computer’s I/O Programming Guide for specific 
information on syntax and the actions taken by the interface when sending the message. 


4-3-32. HP 3421A Bus Capabilities 


4-3-33, The instrument interfaces to the HP-IB as defined by the IEEE Standard 488-1978. 
The HP-IB functional capabilities that are implemented are listed in Table 4-3-2. 





Table 4-3-2. HP 3421A Bus Capabilities 


Source Handshake capabilities. 

Acceptor Handshake capabilities. 

Basic Talker, with Serial Poll, no Taik Only, and unaddressed to Talk 
when Listen Address received. 

No Extended Talker 

No extended Listener. 

Basic Listener, unaddressed to Listen when Talk Address received. 
Complete Service Request capability. 

Remote only capability. 

No Parallel Poll capability. 

Complete Device Clear capability. 

Complete Device Trigger capability. 

No Controller capability. 
















4-3-34. Clear 


4-3-35. Upon receiving the Interface Clear or Selective Device Clear message, the instru- 
ment goes through its power-on/reset routine. This causes the following events to take place: 


a. Self Test 


b. Opens all multiplexer and actuator channels. 





c. Clears all bits of the digital output ports (high impedance state). 
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d. Internal voltmeter set to: DC Volts, autorange on, aultozero on, 5 72 digit resoluuion, 


e internal trigger on. 


e. Counter set to | second gate time. 





f. HP-IL address is not changed. 
2g. Checks rear panel switches (50/60 Hz, Power-on SRQ, etc.) 
h. Channel list set to all available multiplexer channels. 
i. Request Service (SRQ) if self test failed. 
j. Reading Storage is cleared. 
4-3-36. Local, Local Lockout, Remote 
4-3-37. The HP 3421A does not respond to these commands. This is because the HP 3421A 
has no front panel and therefore must be controlled by a computer through an interface. 
The HP 3421A is always in REMOTE mode. 
4-3-38. Require Service (SRQ) 
4-3-39. The Require Service Message is independent of all other HP-1IB activity and 1s sent 


on a single line. There are many conditions which can be programmed to cause an SRQ 
interrupt to occur. The following is a list of those conditions. 





a. Power-on/Reset. The HP 3421A interrupts the computer when its power is turned on, 
an Interface Clear or Selective Device Clear message, or it is reset (RS command). The Model 
3421A rear panel switch segment 3 must be set to the up position for an Interrupt to occur 
for these conditions. 


b. Data Ready. The HP 3421A will interrupt the computer after each completed 
measurement or, if a channel list is used, the interrupt will occur after all readings are taken. 


c, Self Test Error. If any of the eight self tests fail, an interrupt will occur. This condition 
is not maskKable. 


d. Event Occurred. The HP 3421A can monitor the digital input ports and if a specified 
bit goes either high or low, or a specified 8-bit word occurs, it will interrupt the controller. 


e. Low Battery. If the HP 3421A is being powered by its internal battery, it will generate 
an interrupt when the battery voltage drops too low. This condition is not maskable. 


f. Abnormal Condition. Abnormal conditions include: 


Hardware error 

Calibration error 

Syntax error 

Can’t execute a given command 
Low battery 

Self Test failed 
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4-3-40. Some interrupt conditions are described as not maskable. This simply means that 
if any of these conditions occur, the SRQ line goes true without programming the HP 3421A 
to generate the interrupt. The HP 3421A must be programmed for the remaining conditions 
to cause the SRQ line to go true. The computer, of course, must be programmed to respond 
to the SRQ interrupt. For more information on these conditions, refer to the HP 3421A 
Operating, Programming, and Configuration Manual. 





4-3-41. Status Register and Status Byte. The Status Register is updated as events occur. Six 
of the Status Register bits represent each of the conditions listed in paragraph 4-3-39. It is 
possible for one or more of the conditions (bits) to be true in the HP 3421A at any time. 
However, the SRQ interrupt will only occur when one of the not-maskable conditions is true, 
or the SRQ mask has been set and the respective condition is true. When either of these con- 
ditions is met, bit 6 in the Status Register will set, and the SRQ interrupt will be sent to the 
computer. The computer must be programmed to respond to the interrupt. 


4-3-42. The Status Byte is an 8-bit byte that is sent from the HP 3421A to the computer 
in response to a Serial Poll (SPOLL). The Status Byte is a bit for bit replica of the Status 
Register and can be used to determine the current status of the HP 3421A. See Figure 4-3-2. 





















Event 
Occurred 


NA 
lalways 
rero) 


Abnormal 
Condition 


Require 
Service 
(no 
mask} 


Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O 
(64) (32) (16) (8) (4) (2) (7) 


Figure 4-3-2. Status Register 









4-3-43. Status Bit. The Status Bit is used in response to a parallel poll. The HP 3421A, 
however, does not implement the parallel poll function. 


4-3-44. Programming the SRO Mask 


4-3-45. To set the SRQ Mask, refer to Figure 4-3-2 and identify the conditions where you 
want the instrument to generate an SRQ interrupt (e.g., Data Ready, Abnormal Condition, 
or Event Occurred). Add together the decimal values for all conditions (bits). Then, output 
the *‘M’’ command followed by the summed decimal value. For example, to set the SRQ 
mask for Event Occurred, execute: 


OUTPUT 709 ; ‘‘M8’’ 
To set the SRQ mask for either Event Occurred or Data Ready, execute: 


OUTPUT 709 ; ‘*‘M9”’ 
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NOTE 
+. When doing interrupt programming, especially with the digital 
monitor commands (MN, MH, ML, and DT), the end-of-line 
sequence should be suppressed. With most HP desktop computers, 
this is done with the OUTPUT USING “‘#,K’’ command. The last 
character in the command string should be either a colon (:), a 
semicolon (;), a Carriage Return, or a Line Feed. 





If you are using the HP-IB interface and want to interrupi on Event 
Occurred, the HP 3421A must be set to UNLISTEN mode before 
it can interrupt the computer. With most HP desktop computers 
this is done with the SEND 7, UNL command. This ts not necessary 
when using the HP-IL interface. 


4-3-46. Serial Poll (SPOLL) 


4-3-47. Serial Poll allows you to determine the current status of the HP 3421A. When the 
HP 3421A receives the Serial Poll message it returns its Status Byte to the computer (from 
the Status Register). The decimal value returned is the sum of the individual values of the 
bits that are set in the Status Register. For example, if bits 6 and 1 are set (Power-On Reset 
SRQ), the value returned is 66 (64+ 2=66). Refer to Figure 4-3-2. 


4-3-48. Trigger 


4-3-49. The Trigger command will cause the HP 3421A to take one or more readings depen- 
ding upon the HP 3421A trigger mode that is asserted. For example, if internal trigger is 
asserted (T1), Trigger will cause it to take one reading. If either scan trigger (T3) or hold/scan 
enable (TO) is asserted, then Trigger will cause the HP 3421A to make measurements accor- 
ding to the channel list. 
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OPERATION VERIFICATION 








WARNING | 





The information in this manual is to be used by qualified service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 


The HP 3421A uses latching relays on the Multiplexer/ Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This is an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them. However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known State must be provided by the installer. 


If a Multiplexer/Actuator Assembly is installed in the HP 3421A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals. Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 





4-4-1. INTRODUCTION 
4-4-2. This section contains the operational verification procedure for the HP-IB assembly. 
This procedure provides a high confidence level that you have properly installed the HP-IB 
assembly, and that it is operating properly. 
4-4-3. EQUIPMENT REQUIRED 
4-4-4. This procedure requires an HP-85 computer equipped with HP-IB and the 1/O ROM. 
4-4-5. OPERATION TEST PROCEDURE 
4-4-6. To run this test, do the following: 

a. With the computer and instrument both *“*OFF’’, connect the HP-1B I/O cables. 

b. Press the instrument front panel switch ““ON’’. 


c. Turn the computer power switch *‘ON”’. 
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d. Execute the following program line. This should cause the instrument to perform self 
test. Watch the front panel display to make sure there are no self test errors. See the Operating, & 
Programming, and Configuration Manual for a discussion of self test. If self test fails, it 
is most likely a mainframe problem since none of the HP-IB circuitry is tested. 





OUTPUT 709 ; ‘*RS” 

e. Make sure the rear panel Power-on SRQ switch segment is in the *‘UP’’ position. 
f. Cycle the instrument front panel switch ‘‘OFF’’ and then ‘‘ON’’. 
2. Run the following program: 

1d OUTPUT 901. ; “SR” 

20 ENTER 901; A 

30 DISP A 

40 END 
h. The computer should be displaying 66. This corresponds to bit 6 (Require Service) and 


bit 1 (Power-on Reset) being set in the first status register. Bit 6 is equivalent to decimal 
64 and bit | is equivalent to decimal 2. See Figure 4-4-1]. 
















Self 






NA, Require Abnormal Event 













(always Service Condition Occurred Test 
zero) (no Error 
mask} ino 

mask! 


only} 


Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2? Bit 1 Bit O 
- (64) (32) (16) (8) (4) (2) (1) 


Figure 4-4-1, Status Register 





i. If the computer is displaying a decimal value of 66, the HP-IB assembly is properly 
installed and can be assumed to be operational. If the computer is not displaying 66, decode 
the number it is displaying and refer to the mainframe service manual for troubleshooting. 
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SECTION V 
* ADJUSTMENTS 


4-5-], This section normally contains instrument adjustment procedures. Since the Model 


44461 A HP-IB Option Assembly has no adjustment procedures, there is no adjustment in- 


formation in this section. Information about the HP-IB switches can be found in Section 
I] of this chapter. 
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SECTION VI 
¢ REPLACEABLE PARTS 


4-6-1. This section normally contains information for ordering replaceable parts. However, 
the replaceable parts for the Model 44461 A HP-IB Option Assembly are included in Chapter 
1 (Mainframe Service Information), Section VI of the manual. 
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SECTION Vil 
MANUAL CHANGES 


4-7-1. INTRODUCTION 


4-7-2. This section has information to adapt this manuals to cider HP-1B assemblies that 
have no ERC (Engineering Revision Codes) number or a number lower than shown on the 
title page. 


4-7-3. Engineering Revision Code (ERC) 


4-7-4. The engineering revision code (ERC) is changed whenever a change is made to an 
assembly. The change could be a printed circuit board revision, a component value change, 
added or deleted component, a component part number change, or a revised test and assembly 
procedure. The ERC label is the only one on the printed circuit board that has a four digit 
number. ERCs were implemented on this instrument with the introduction of the 03421-66511 
motherboard. The first ERC was 2334. Refer to Chapter 1 (Mainframe Service Informa- 
tion), Section I for more information on ERC numbers. 


4-7-5. CHAPTER CHANGES 


4-7-6. Most changes in this section apply to the schematics and component locators in Sec- 
tion VIII, and to the parts list (Table 1-6-6) in Chapter 1, Section VI of the manual. If there 
is only a minor change, like a component value change or a minor circuit change, modify 
the schematic and Table 1-6-6 presently in the manual. If a major change to a schematic 
is made, refer to the schematic and component locator in this section of the chapter, instead 
of Section VIII. 


4-7-7. If the ERC number of your option is different than listed on the title page, refer to 
Table 4-7-1 and locate the correct number for your option. Then make the changes to the 
chapter that are listed for your ERC number. When making the appropriate changes, make 
the highest number change first. For example, if changes 4 and 5 are listed, make change 
5 first before making change 4. 


4-7-8. If the ERC number is larger than listed on the title page or in Table 4-7-1, refer to 
the supplied MANUAL CHANGES supplement for updating information. Also, if a 
MANUAL CHANGES supplement is supplied, make all indicated ERRATA changes to cor- 
rect any errors in this chapter. 


4-7-9. If the component values or component part number differ from the ones shown on 
the schematic or parts list, and are NOT listed in this section or a MANUAL CHANGES 
supplement, replace with the component value and part number presently on the schematic 
and parts list. 
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Table 4-7-1. Chapter 4 Changes 


ae | nite 









* Change 1 may or may not be 
required on early assemblies. 


CHANGE 1 


Description 


This changes the power supply circuitry on the HP-IB assembly. It involves deleting a resistor 
and capacitor, and changing the values of a zener diode and another resistor. 


Figure 4-8-25 (HP-IB Schematic) Changes 
Do the following changes on the schematic. 


Delete 


1. C827 and R844 
2. Place a jumper (JM1) in the R844 location 





Change 


1. CR804 to 5.6V 
2. R803 to 4.71k 


Component Locator Changes 


Use the component locator in Figure 4-7-1 instead of the locator in Figure 4-8-2395. 


—Caii— —caoB—— 


: 
| 


adds O 4c 





Figure 4-7-1. Component Locator for Early HP-IB Assemblies 
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Table 1-6-6 (Replaceable Parts) Changes 





* Do the following changes in the table. 


Reference HP Part 
Designation Number Description 


0160-3847 CAPACITOR-FXD .O1UF + 100-0% 50VDC CER 


0683-0275 RESISTOR 2.7 5% .25W F C TC =-400/+ 500 


1902-0514 DIODE-ZNF 5.62V 2% 
0683-4725 RESISTOR 4700 5% .25W 





CHANGE 2 
Description 


This changes the CR805 and CR806 diodes from germanium types to shotky types. If CR8O5 
and/or CR806 are to be replaced, use part number presently in Table 1-6-6. 


Figure 4-8-25 (HP-IB Schematic) Changes 


Change the CR805 and CR806 symbols from regular diode to shotky. 





Table 1-6-6 (Replaceable Parts) Changes 


Do the following changes in the table. 
Reference HP Part 
Designation Number Description 
Change: 
CRBO05 1901-0518 8 2 DIODE-SM SIG SCHOTKY 
CR806 1901-0518 8 DIODE-SM SIG SCHOTKY 


CHANGE 3 





Description 


Commencing with ERC 2343, the internal code of U804 was changed resulting in an HP 
Part Number change to 1820-3428. Although initially U804 was an EPROM, the part number 
did not change with the hard ROM version. Also, U804 must have part number 1820-3428 
(either EPROM or ROM) to be able to run signature analysis. If U804 is to be changed, 
use the part number presently in Table 1-6-6 of the manual. 


Table 1-6-6 (Replaceable Parts) Changes 
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4-7-4 


Do the following changes in the table. 




















Reference HP Part 
Designation Number Qty Description 
Change: (Under Miscellaneous) 

|} Uso4 1820-2982 2 IC MASKED 8048 


CHANGE 4 


Description 

This changes the protection circuitry of U803. 

Figure 4-8-25 (HP-IB Schematic) Changes 

Delete CR824 thru CR827 from the schematic. 

Component Locator Changes 

Delete CR824 thru CR827 from the component locator in Figure 4-8-25. 


Table 1-6-6 (Replaceable Parts) Changes 





Do the following changes in the table. 
Reference HP Part 
Designation Number Oty 
jwvsne |2 | 
Change: 
CR801 1901-0050 3 








Description 










DIODE-SWITCHING 8OV 200MA 2NS DO-35 


DIODE-SWITCHING BOV 200MA 2NS DO-35 


CHANGE 5 





Description 


This changes the value of the Q803 base resistor. If any wrong signature is obtained on the 
SRQ line (J806 pin 10), change to the resistor value presently in Table 1-6-6. 


Figure 4-8-25 (HP-IB Schematic) Changes 


Change the value of R836 from 1.8k to 6.8k. 





Table 1-6-6 (Replaceable Parts) Changes 
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Do the following changes in the table. 





















Reference HP Part 
Designation Number Description 
Change: 
R836 0683-6825 7 1 RESISTOR 6.8K 5% .25W FC TC =-400/ + 700 


CHANGE 6 
Description 
This changes the U802 comparator input circuitry. 
Figure 4-8-25 (HP-IB Schematic) Changes 
Delete R845 and R846 from the schematic. 
Component Locator Changes 
Delete R845 and R846 from the component locator in Figure 4-8-25. 
Table 1-6-6 (Replaceable Parts) Changes 


Do the following changes in the table. 
Reference HP Part 
Designation Number 

Delete: 
R845 0683-2225 2 RESISTOR 2.2K 5% .25W FC TC =-400/ + 700 
R846 0683-2225 3 RESISTOR 2.2K 5% .25W FC TC =-400/ + /00 


Change: 
R814 0683-2225 3 3 RESISTOR 2.2K 5% .25W FC TC=-400/+ 700 


CHANGE 7 







Description 









Description 


This changes the value of the Q803 base resistor. If any wrong signature 1s obtained on the 
SRQ line (J806 pin 10), change to the resistor value presently in Table 1-6-6. 


Figure 4-8-25 (HP-IB Schematic) Changes 
Change the value of R836 from 1.8k to 3.3k. 


Table 1-6-6 (Replaceable Parts) Changes 
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Do the following changes in the table. 





Reference 
Designation Number Description 


Change: | 
R812 0683-1825 | 7 | RESISTOR 1.8K 5% .25W FC TC =-400/ +700 
R813 0683-3325 |. RESISTOR 3.3K 5% .25W FC TC=-400/ +4700 
R836 0683-3325 | RESISTOR 3.3K 5% .25W FC TC=-400/ +700 
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SERVICE 


The information in this manual is to be used by qualified service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 


strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 





The HP 3421A uses latching relays on the Multiplexer/Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This is an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever State your program has set them. However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known state must be provided by the installer. 


[f a Multiplexer/ Actuator Assembly is installed in the HP 3421/A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals. Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 





4-8-1. INTRODUCTION 


4-8-2. This section contains the theory of operation, digital signature analysis troubleshooting, 
component locator, and schematics for the HP-IB option assembly. 


4-8-3. BLOCK DIAGRAM THEORY OF OPERATION 


4-8-4. Refer to the block diagram in Figure 4-8-24 for the following discussion. It 1s located 
on a foldout at the end of this section, just before the schematic. 


4-8-5. The HP-IB assembly circuitry consists of five functional areas as follows: 


HP-IL Interface Circuitry 
HP-IB Interface Circuitry 
CPU. (aC) 

Address Switches 

Power Supply 
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4-8-6. HP-IL Interface Circuitry 





4-8-7. The HP-IL chip is a receiver/transmuitter 1C that performs serial to parallel and parallel dD 
to serial conversions. Serial to parallel conversions occur when the instrument is talking over 
HP-IB. Parallel to serial conversions occur when the instrument is listening to HP-IB. 


4-8-8. Resistors on the input of the comparators set the HP-IL signal detection threshold 
to 50 mV. The two resistors on the input lines to the mainframe provide the proper HP-IL 
drive. 


4-8-9. The HP-IB/HP-IL pushbutton switch permits selection between HP-IB and HP-IL. 
When the switch is out, power to the HP-IB circuitry is removed and the mainframe is con- 
nected directly to the rear panel HP-IL connector. When the switch is in, power is supplied 
to the HP-IB circuitry and the rear panel HP-IL connector is disconnected from the mainframe. 


4-8-10. HP-IB Interface Circuitry 


4-8-11. Data to be output to the HP-IB is latched and then routed through transistor drivers. 
Information from the HP-IB is buffered and then routed to the uC. 


4-8-12. CPU 


4-8-13. The CPU handles input and output data and provides control line information for 
the input buffers and output latches. The CPU clock frequency is 6 MHz. At power on, 
the Reset line is held low until the power supply has reached a voltage that is sufficient for 
the clock to start (about 4.5V). 





4-8-14. Address and Buffer Mode Enable Switches 


4-8-15. At power on, these switches are read by enabling a buffer. These switches are fac- 
tory preset for address ‘‘09’’ and buffered transfers disabled. 


4-8-16. Power Supply 


4-8-17. The power supply generates + 5V from the internal battery of the instrument using 
a switching regulator technique. 


4-8-18. SCHEMATIC DIAGRAM DESCRIPTION 


4-8-19. The schematic diagram (Figure 4-8-25) is located at the end of this section on a foldout. 
Refer to the foldout for the following discussion. 


4-8-20. HP-IL Interface Circuitry 


4-8-21. U803 is a general purpose receiver/transmitter IC. lt performs all serial to parallel 
and parallel to serial conversions, with automatic echo of commands and automatic ready 
for command (RFC) generation. The clock for this IC is 2 MHz, which is controlled by L802 
and C808. Pullup resistors are required on the Read and Write lines for TTL compatibility. 


include Status, Control/Interrupt, and Data Registers. The registers are selected by Register 
Select lines RSO - RS2. This IC is described in detail in the HP-IL Integrated Circuits User 
Manual. 


4-8-22. U803 has three registers that are used for implementing the HP-IB circuitry. These & 





4-8-2 











HP 3421A 


4-8-23. RSO7 and RSO08 provide the proper HP-IL drive without the use of a transformer. 
R805/CR805 and R806/CR806 load the HP-IL lines which result in signal levels between 
~.5V to +1.0V. The two resistors connected to the negative input of the two U802 com- 
parators form a voltage divider which sets the HP-IL threshold point to 50 mV. R809 and 
R810 are pullup resistors which ensure that transitions seen by U803 are fast enough for 
detection. 


4-8-24. HP-IL/HP-IB Switching 


4-8-25. Switch S801 provides a means to select between HP-IL and HP-IB. With S801 in 
the out position, the HP 3421A is connected to the rear panel HP-IL connector, and the 
path for the power supply input voltage (VB) is opened. By removing VB, +5V is not 
generated, which in turn removes power from the ICs on the HP-IB assembly. This con- 
serves the charge on the internal battery. When S801 is in, the rear panel HP-IL connector 
is removed from the circuit and VB is restored. When VB is restored, + 5V is generated which 
restores power to the ICs on the HP-IB assembly. 


4-8-26. HP-IB Interface Circuitry 


4-8-27. Data to the HP-IB is output from U804 and latched into U809. The outputs then 
pass through the U818 and U819 transistor drivers to the HP-IB. The control, handshake, 
and SRQ lines are latched by U810 and U811 and then pass through the U820 and Q803 
transistor drivers. The handshake process is discussed in more detail later. 


4-8-28. Resistor R815 through R826 and R836 limit the base current of the HP-IB driver 
transistors to about 600 nA. Resistors R827 through R834 ensure that U818 and U819 are 
turned off when U809 is in tri-state. 


4-8-29, RP803, RP804, R813, and R814 provide the standard bus load for HP-IB and an 
effective impedance of 1300 2. CR808 through CR823 provide protection from static discharge 
and clamping for negative going voltage excursions. 


4-8-30. U812, U813, and U814 are low power Schottky Schmitt Trigger inverting input devices 
that handle data and control line input information. U807 and U808 handle the input data 
and control lines, respectively. 


4-8-31. Part of U815 through U817 gate the signals necessary for the HP-IB handshake. 
The direction of the data lines and the NDAV, NRFD, and NDAC handshake lines is 
determined by the ATN and the Talker Active state. Also, if ATN goes true, the instrument 
must listen and handshake the data that follows even if it was not addressed to listen. USI6A 
resets the control and handshake lines when a reset or IFC occurs. 


4-8-32. CPU (U804) 


4-8-33, The CPU handles input and output data and provides control line information for 
the input buffers and output latches. The CPU clock frequency is 6 MHz which is controlled 
by the Y801 external crystal. At power on, the Reset line is held low until the power supply 
has reached a voltage that is sufficient for the clock to start (about 4.5V). 


Service 
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4-38-34. Switch segments 7 and 8 of S802 are connected to 10 and Ti of the CPU. These 
switch segments, along with P23 and ALE, are used to run digital signature analysis. For 
normal operation switch segments 7 and 8 must be in the ‘‘0’’ (up) position. 


NOTE 


Torun a signature analysis test on an HP-1B option assembly, U804 
must have a part number of 1820-3428. Signature analysis was not 
implemented on early assemblies where U804 had a part of 
1820-2982, To run a signature analysis test on an early assembly, 
U804 must be replaced with part number 1820-3428. U804 was 
changed to part number 1820-3428 starting with engineering revision 
code (ERC) 2343. 


4-8-35. U802 is a comparator that holds the CPU in a Reset state until the power supply 
voltage is high enough to allow the clock to start (approximately 4.5V). The same reset line 
also goes to the HP-IL chip (U803). 


4-8-36. HP-IB Address, Buffered Transfer, and Signature Analysis Switches 


4-8-37. Switch $802 is an eight segment switch that sets the HP-IB address, enables and disables 
buffered transfers, or selects an SA test. The ‘‘0’’ position of a switch segment corresponds 
to it being closed (up); a ‘‘1’’ position corresponds to it being open (down). These switch 
settings were illustrated in Section II. Switch positions of up, down, 0, and | assume that 
the switches are being viewed from the rear panel with the assembly installed in the instrument. 


4-8-38. Switch segments | through 5 set the HP-IB address. The factory preset address is 
“‘09"". Switch segment 6 is used to enable and disable buffered transfers. When switch seg- 
ment 6 is closed, buffered transfers are disabled. This is the normal mode of operation and 
is factory preset. For switch segments | through 6 to be read by the CPU, U806 must be 
enabled. This occurs only at power on or reset. 


4-8-39. As previously explained, switch segments 7 and 8 are used to select a signature analysis 
test and must be closed for normal operation. 


4-8-40. Power Supply 


4-8-4]. The power supply is a switching regulator type. It operates from the instruments 
internal battery voltage (VB) to generate +5V (+5%, — 10%). 


4-8-42. Q801, Q802, and T801 form a free running oscillator. Pulses on the primary side 


of T801 are coupled to the secondary and rectified by CR802. The rectified voltage is filtered 
by C805 and C806. CR804 and R844 regulate the output voltage. 


4-8-43. U801 is an optoisolator used for negative feedback to control how hard Q801 and 
Q802 turn on. This technique provides both isolation and regulation. 


4-8-44, TROUBLESHOOTING WITH SIGNATURE ANALYSIS 
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4-8-45. Signature analysis (SA), is a component level troubleshooting technique which enhances 
* the serviceability of microprocessor based products. It is based on the premise that digital 

data is predictable at a given point in a circuit if specific programming conditions are met. 
While running a built-in SA routine, the data appearing at a circuit node is analyzed over 
a controlled period (window). This results in a unique four character signature which Is 
displayed on the signature analyzer. If the signature matches the one listed for that test, then 
that part of the circuit is operating properly. If the signatures do not match, some circuit 
component is probably defective. 





4-8-46. Incorrect Signatures 


4-8-47. If a circuit node has an incorrect signature, it does not necessarily mean that the 
devices connected to that node are defective. An incorrect signature could mean that some 
other device is providing incorrect signals, or your setup may be wrong. In some instances, 
the signatures may not match because of a change in the internal ROM code, or perhaps 
there has been a hardware modification. Always make sure you have the manual that is ap- 
plicable to the assembly you are troubleshooting. 


4-8-48. Common digital circuit failures include stuck lines. A line can be stuck at OV (low 
or GND), +5V (high), or anywhere between OV and +5¥V. In any event, a stuck line does 
not make transitions. Depending upon the level of the stuck line, and because of the threshold 
requirements of the signature analyzer, it will cause a GND or + 5V signature to be indicated. 
Also, the probe tip may be ‘‘ON’’, ‘‘OFF’’, or even ‘‘Flickering’’ when a stuck line 1s 
encountered. In the tables that follow, some signatures will be noted as GND or +5V 
signatures. When they are noted as such in the signature tables, they are valid signatures. 





4-8-49, If a circuit node is stuck low, use a high resolution voltmeter and check all devices 
connected to that node. The defective device will be sinking the most current, and therefore 
usually have the largest voltage at its pin connected to the circuit node. This voltage is usually 
very small, and is developed by the current trace going to the pin of the defective device. 


4-8-50. If a circuit node is stuck high, make sure the inputs to the device are good. If an 
input is bad, trace the bad signal back to its source. If the inputs to the device are good, 
it could be any device connected to the node with the incorrect signature that is defective. 
A general rule is to suspect the device sourcing the signature, although this may not always 
be the problem. 


4-8-51. Another type of incorrect signature is one that is different than the one listed for 
the circuit node under test, but it is not a GND or +5V signature. This can be caused by 
incorrect timing, data, etc.. Generally, if this type of signature is encountered, it should be 
traced to its source. That is, use the schematics and trace back through the circuitry until 
you find the location where the incorrect signal starts. When you find the component where 
its output signature is wrong but its input signature(s) is correct, replace that device. 


48-52. Signature Analysis Tests 


4-8-53. To run any of the SA tests, U804 must have a part number of 1820-3428. In early 
HP-IB assemblies, U804 had a part number of 1820-2982, which did not support SA. If you 
have an early assembly and want to troubleshoot using SA, replace part number 1820-2982 
with part number 1820-3428. U804 was changed to part number 1820-3428 starting with 
engineering revision code (ERC) 2343. 
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4-8-34. There are three SA tests that can be run. The position of switch segments 7 and 8 
of S802 determines which test, if any, is being run. These switches are only read at reset @ 
or power on. Thus, once an SA test is being executed, it is possible to go to another SA 

test without cycling power. However, all SA routines are aborted when switch segments 7 

and 8 are simultaneously set toward the pe board. To resume running an SA routine, switch 

segments 7 and 8 must be set back to the appropriate positions for the SA test to be run, 

and the power must be cycled or the HP 3421A must be reset. 





4-8-55, SA Test #1 1s useful to verify that the HP-IB board is functional. It allows you to 
verify the operation of the CPU (U804); CPU ROM and RAM; HP-IB address, data, and 
control lines; HP-IL circuitry and switch S802. SA Test #2 is used to troubleshoot HP-IL 
circuitry. SA Test #3 is used to troubleshoot the HP-IB circuitry. You should start with SA 
Test #1 as it will guide you in selecting one of the other tests should the failure be in the 
HP-IL or HP-IB circuitry. 


4-8-56. Limitations of the SA Tests 


4-8-57. The SA tests will isolate the vast majority of problems with the HP-IB option assembly. 
However, the tests do have limitations. For example, SA Test #1 will perform a 95% functional 
check of the internal CPU RAM. Likewise, SA Test #2 will perform a 95% functional check 
of the HP-IL chip (U803). Also, the procedure for SA Test #2 opens the HP-IL loop to the 
mainframe, and therefore will not guarantee that a mainframe HP-IL problem does not exist. 
Another limitation of the tests is that they do not check the rear panel HP-IB connector (J806). 


4-8-58. Troubleshooting Setup 





4-87-59. To troubleshoot the HP-IB option using SA, it is necessary to remove the option 
from the instrument, but leave the power supply connected to the mainframe. Use the following 
procedure to setup the option for troubleshooting. 


a. Make sure the HP 3421A is turned off and ac power cord is disconnected from the 
instrument. Also make sure all external sources of power have been removed from the op- 
tion terminal blocks. 

b. Turn the instrument upside down. This is preferably done on top of a protective mat 
to reduce the possibility of scratching or marring the instrument case. Refer to Figure 4-8-1 
and loosen the six screws on the instrument bottom. 


c. Hold the top cover in place and turn the instrument upright. Then remove the top cover. 


d. If there is no option in slot 2, continue with step g. If there is an option in slot 2, remove 
the black strain relief and grey ‘““‘WARNING”’ safety cover form slot 2 as follows: 


1. Remove the two screws holding the black strain relief bar. 
2. Loosen the two captive screw that hold the grey ‘‘WARNING”’ safety cover. 


3. Loosen the two screws holding the terminal block to the option circuit board and 
then remove the terminal block. 
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Figure 4-8-1. HP 3421A Case Disassembly 


e. Refer to Figure 4-8-2. Unplug the ribbon cable connector from the option in slot 2. 
Lift the connection straight up to avoid bending any pins. If the option is a Multiplexer 
Assembly, also unplug the 4-wire VM input cable. If the option is a Digital 1/O or Bread- 
board Assembly, it will not have the 4-wire VM input cable. 





Figure 4-8-2. Removing the Slot 2 Option 
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f. Locate and remove the four screws holding the option in place. Remove the slot 2 option. 





g. Loosen the two screws that secure the HP-IB option to the rear panel. 


h. Unplug the 4-wire cable from J804 on the HP-IB board. This is the cable with the blue 
and yellow wires. The other end of the cable may be left connected to the motherboard. 
Also leave the green-white wire connected to J802 and the red-black wire connected to J803. 


i. Set the HP-IB option on a flat surface as shown in Figure 4-8-3. To prevent any shor- 
ting on the board, set it on a non-conductive surface. 





Figure 4-8-3. Set HP-IB Option on Work Surface 


j. This completes the troubleshooting setup. Refer to Section II in this chapter to reassemble 
the instrument. 


4-8-60. Pre-Troubleshooting Checks 
4-8-61. Perform the following procedure before checking any signatures. 
a. With ac power connected to the HP 3421A, turn the instrument’s front panel switch on. 


b. Press the HP-IB/HP-IL switch to the HP-IB position (in). This powers up the HP-IB 
assembly. 


c. Make the following checks. 


1. Check the HP-IB on-board power supply at J80O1 pin 1 or 2 for +5V (+ .25V). J801 
pin | is labeled with a ‘‘1l’’; J802 pin 2 is labeled with a ‘‘V’’. A convenient ground 
reference for the test instrument is J801 pin 6 or 7 (labeled G). If +5V is incorrect, 
refer to paragraph 4-8-80 for troubleshooting. 
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2. Set an oscilloscope to I~S/div sweep time and 2V/div vertical gain. Check ALE al 
7 U804 pin 11 for the waveform shown in Figure 4-8-4. MANUAL. 








125/DIV SWEEP 
2V/DIV VERT. GAIN 


Figure 4-8-4. ALE at U804 pin 11 


3. Check the RESET line at U804 pin 4 for a TTL high. The CPU (U804) and HP-IL 
chip (U803) will not run if the RESET line is low. If RESET is low, U802 and associated 
components are suspect. 


4. Check the CPU interrupt line at U804 pin 6 for a TTL high. If this line is low, U8&14 
or U8I15 is suspect. 





5. Set the oscilloscope to .2uS/div sweep time and 2V/div vertical gain. Check the HP-IL 
clock at U803 pins 23 and 24 as shown In Figure 4-8-5. 





Figure 4-8-5. HP-IL Clock at U803. pins 23 and 24 


6. Check for a TTL low at U816 pin 3. If this line is high, either U816 or the com- 
= ponents driving the inputs to U816A are suspect. 
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4-8-62. SA Test #1 (Operational Test) 





4-8-63. Run this test first. It verifies the operation of the CPU ROM, CPU RAM (see limita- we 
tions in paragraph 4-8-56), or directs you when it is appropriate to troubleshoot the HP-IL 
circuitry (SA Test #2) or the HP-IB circuitry (SA Test #3). 
4-8-64. Perform the following procedure to run SA Test #1. 
a. Press the rear panel HP-IB/HP-IL switch (S801) to the HP-IL position (out). 


b. Refer to Figure 4-8-6 and set the switch segment of S802 as follows: 


segments 1-6 toward the pe board (closed) 
segments 7 and 8 away from the pe board (open) 
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Figure 4-8-6. $802 Switch Settings for SA Test #1 
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c. Refer to Figure 4-8-7 and perform the tollowing jumper configuration. 





8 er 





a 





Figure 4-8-7. Jumper Configuration for SA Test #1 (HP-IL Signatures) 


1. Use a cliplead jumper and connect S801 lug 5 to S801 lug 17. 
2. Connect a cliplead jumper between S801 lug 2 and the side of R807 shown. 


3. Connect a cliplead jumper between the cathode of CR821 (banded end) and the 
negative (-) side of C805. 


4. Locate a 47000 to 62000 resistor with a rating of 1/8W or greater and connect bet- 
ween pins 3 and 6 of U802 as shown. It may be easier to use an IC clip rather than 
make jumper connections directly to the IC pins. 
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d. Set the signature analyzer as follows: 


(Out) * 





START = 
STOP = (out) 
CLOCK. = (Out) 


¢. Connect the signature analyzer as follows: 


START to J801 pin 3 
STOP to J801 pin 4 
CLOCK to J801 pin 5 
GND to J801 pin 6 or 7 


tf. Make sure the HP 3421A front panel switch Is on. 


g. Press the rear panel HP-IB/HP-IL switch (S801) to the HP-IB position (in). This powers 
up the HP-IB assembly. 


h. The +5¥V signature displayed on the signature analyzer indicates one of the following 
conditions. 


+5¥V Signature Condition 





F7HO CPU ROM and RAM good. Proceed to paragraph 4-8-65. 
ACS5H CPU ROM defective. Replace U804 

neither of CPU RAM defective or incorrect setup. Check setup. 

the above If setup is good, replace U804. 


4-8-65. HP-IL Signatures (SA Test #1). The HP-IL signatures are listed in Table 4-8-1. Check 
the signature at port 12 (U804 pin 29) first. This verifies if the setup is correct, specifically 
that the HP-IL transmit is connected via the jumpers to the HP-IL receive. If all of the HP-IL 
signatures are correct, proceed with the HP-IB signatures (paragraph 4-8-67). If an HP-IL 
Signature is incorrect, proceed to SA Test #2 to isolate the defective component. 


4-8-66. Refer to Figure 4-8-8 and check pin 10 of the rear panel HP-IB connector (J806) 
for a signature of 4C11. The rear panel HP-IB connector is illustrated upside down as this 
is the way it should be positioned on your work surface. If the signature is wrong, proceed 
to SA Test #3 to isolate the defective component. If the rear panel signature is correct, check 
the HP-IB signatures in this test (paragraph 4-8-67). 
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Table 4-8-1. HP-IL Signatures (SA Test #1) 


. +5V Signature: F7HO 


Port 12 Data Bit 3 UBO4(29) U806(14),U807(14), 
U808(14),U809(7), 
U810(12) 


Data Bit 1 U804(27) U806(18),U807(18), 
U808(18),U809(3), 
U810(14) 


Data Bit 2 U804(28) U806(16),U807(16), 
U808(16),U809/(4)}, 
U810(13) 


Data Bit 4 U804(30) U806(12),U807(12), 
U808(12),U809(8), 
U810(11) 


Data Bit 5 U804(31) U806(9),U807(9), 
U808(9),U809(13), 
U811(14) 


Data Bit 6 U804(32) U806(7),U807(7), 
U808(7),U809(14), 
U811(13) 


Data Bit 7 UB04(33) U806(5),U807(5), 
U808(5),U809{5), 
U811(12) 


Data Bit 8 U804(34) U806(3),U807(3), 
U808(3),U809(3), 
U811(11) 





* If this signature is U1P3, there is an open in the HP-IL loop. This is most 
likely caused by an incorrect placement of one or more of the jumpers. 





SIGNATURE ON PIN 10 
SHOLLD Be 
4Cii 
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Figure 4-8-8. J806 pin 10 Signatures (SA Test #1) 
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4-8-67. HP-iB Signatures (SA Test #1). These signatures are listed in Table 4-8-2. The board 
configuration shown in Figure 4-8-9 is the same as the HP-IL signatures, except that the = 
jumper that was configured on the cathode of CR821 has been moved to the cathode of CR8&20. 















Figure 4-8-9. Jumper Configuration for SA Test #1 (HP-IB Signatures) 





4-8-14 











HP 3421A Service 


Table 4-8-2. HP-IB Signatures (SA Test #1) 


+5V Signature: F7HO 


U804(29) 








Part 12 Data Bit 3 U806(14),U807(14), 
U808(14),U809(7), 


U810(12) 




















Data Bit 1 UBO4(27) U806(18),U807(18}, 
U808(18),U809(3), 


U810(14) 























Data Bit 2 U804(28) U806(16),U807(16), 
U808(16),U809(4), 


U810(13) 





U804(30) UsS06(12),U807(12), 
U808(12),U809(8), 


U810(11) 





U804(31) 





U806(9),U807(9), 
U808(9),U809(13), 
U811(14) 
U804(32) U806(7),U80/(7), 
U808(7),U8039(14), 
U811(13) 





| U804(33) U806(5),U807(5), 
U808(5),U809(5), 


UB11(12) 














Data Bit & U804(34) U806(3),U807(3), 


U808(3),U809(3), 
U811(11) 


* |f this signature is 4PH9, there is an open in the HP-IL loop. This is most 
likely caused by an incorrect placement of one or more of the jumpers. 


4-8-68. Check the signature at port 12 (U804 pin 29) first. This verifies if the setup is cor- 
rect. If all of the HP-IB signatures are correct, proceed to the S802 signatures (paragraph 
4-8-69). If any HP-IB signature is incorrect, proceed with SA Test #3. 


4-8-69. S802 Signatures (SA Test #1). The jumper configuration is the same as used for ob- 
taining the HP-IB signatures (Figure 4-8-9). In these checks, switch segments 1 through 6 
of S802 are opened one at a time while the remaining switch segments are closed. If all 
signatures are correct, the HP-IB board is operational (assuming the HP-IL and HP-IB 
signatures have been checked). If any signature is incorrect, check for a defective switch seg- 
ment at S802, short or open traces, a defective pullup resistor (RP801), etc. If you find an 
incorrect signature, refer to paragraph 4-8-71 for problem isolation. 


4-8-70. Perform the following procedure to verify S802 signatures. 

a. Make sure the jumper configuration is the same as outlined in Figure 4-8-9. 

b. Refer to Figure 4-8-10 and move switch segment | of S802 to the up position (away 
from the pc board). Leave switch segment 2 through 6 in the down position (toward the pc 


board). Switch segments 7 through 8 are left in the up position for this test. The signatures 
for this setup are listed in Table 4-8-3. 
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NOTE 





if switch segments 7 and 8 are placed in the down position * 
simultaneously, the HP-IB option will exit the SA test that is runn- 

ing. To rerun the SA Test, move switch segments 7 and 8 back to 

their appropriate positions and cycle power by pressing the HP 

3421A front panel switch off and then on. 
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Figure 4-8-10. $802 Switch Settings for Signature in Table 4-8-3 


Table 4-8-3. Signatures for Figure 4-8-10 Switch Settings (SA Test #1) 


5S802(1,7,8) away from the board 
S802(2-6) toward the board 


+5¥V Signature: F7HO 


Port 10 | Data Bit 1 U804(27) U806(18),U807(78), 
| U808(18),U809(3), 
U810(14) 


Port 11 Data Bit 2 U804(28) U806(16),U807(16), 
U808(16),U809(4), 
U810(13}) 


Data Bit 3 U804(29) | U806(14),U807(14), 
U808(14),U809(7), 
U810(12) 


Data Bit 4 U804(30) - U806(12),U807(12), 
| U8O8(12),U809(8), 
U810(11) 


Port 14 Data Bit 5 U804(31) U806(9),U807(9), 
| U808(9),U809(13), 
U811(14) 


Port 15 Data Bit6 | U804(32) | USO6(7),U807(7), 
U808(7),U809(14), 
U811(13) 
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c. Set the S802 switch segments as shown in Figure 4-8-1] and check for the signatures 
* listed in Table 4-8-4. If any signature is incorrect, refer to paragraph 4-8-71 to isolate the 
defective area. If all signatures are correct, proceed with step d. 








Figure 4-8-11. $802 Switch Settings for Signatures in Table 4-8-4 





Table 4-8-4. Signatures for Figure 4-8-11 Switch Settings (SA test #1) 


$802(2,7,8) away from the board 
S802(1,3-6) toward the board 


+5V Signature: F7HO 


Port 10 Data Bit 1 U804(27) U806(18),U807(18), 
U808(18),U809(3), 
U810(14) 


Data Bit 2 U804(28) U806(16),U807(16), 
U808(16),U809(4), 
U810(13) 


Data Bit 3 U804(29) | U806(14),U807(14), 
U808(14),U809(7), 
U810(12) 


Data Bit 4 U804/(30) U806(12),U807(12), 
U808(12),U809(8), 
U810(11) 


Data Bit 5 U804(31) U806(9),U807(9), 
U808(9),U809(13), 
U811(14) 


Data Bit 6 U804(32) U806(7),UB0O7/(/), 
U808(7),U809(14), 
U811(13) 
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d. Set the 5802 switch segments as shown in Figure 4-8-12 and check for the signatures 
listed in Table 4-8-5. If any signature is incorrect, refer to paragraph 4-8-71 to isolate the & 
defective area. If all signatures are correct, proceed with step e. 
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Figure 4-8-12. $802 Switch Settings for Signatures in Table 4-8-5 





Table 4-8-5. Signatures for Figure 4-8-12 Switch Settings (SA test #1) 


S802(3,7,8) away from the board 
5802(1,2,4-6) toward the board 


+5V Signature: F7HO 


_tmemne | anton | chert | sige | te An 


Data Bit 1 U804(27) U806(18),U807(18), 
U808(18),U809(3), 
U810(14) 


Data Bit 2 U804(28) U806(16),U807(16)}, 
U808(16),U809(4), 
U810/(13) 


Port 12 Data Bit 3 U804(29) U806(14),U807(14), 
U808(14),U809(7), 
U810(12) 


Port 13 Data Bit 4 U804(30) U806(12),U807(12), 
U808(12),U809(8), 
UB10(11) 


Port 14 Data Bit 5 U804(31) U806(9),U807(9), 
U808(9),U809(13), 
U811(14) 


Port 15 Data Bit 6 U804(32) U806(7),U807(7), 
U808(7),U809(14), 
U811(13) 
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e. Set the S802 switch segments as shown in Figure 4-8-13 and check for the signatures 
4 listed in Table 4-8-6. If any signature is incorrect, refer to paragraph 4-8-71 to isolate the 
defective area. If all signatures are correct, proceed with step f. 








Figure 4-8-13. $802 Switch Settings for Signatures in Table 4-8-6 





Table 4-8-6. Signatures for Figure 4-8-13 Switch Settings (SA test #1) 


$802(4,7,8) away from the board 
$802(1-3,5,6) toward the board 


+ 5V Signature: F7HO 


Port 10 Data Bit 1 U804(27) U806(18),U807(18), 
U808(18),U809(3), 
U810(14) 


Port 11 Data Bit 2 UB04(28) U806(16),U807(16), 
U808(16),U809(4), 
U810(13) 


Port 12 Data Bit 3 U804(29) U806(14),U807(14), 
U808(14),U809(7), 
U810(12) 


Port 13 Data Bit4 U804(30) U806(12),U80/7(12), 
U808(12),U809(8), 
U810(11) 


Port 14 Data Bit 5 U804(31) U806(9),U807(9), 
U808(9),U809(13), 
U811(14) 


Port 15 Data Bit 6 U804(32) U806(7),U807(7), 
U808(7),U809(14), 
U811(13) 
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f. Set the S802 switch segments as shown in Figure 4-8-14 and check for the signatures 

listed in Table 4-8-7. If any signature is incorrect, refer to paragraph 4-8-7] to isolate the & 

defective area. If all signatures are correct, proceed with step g. 
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2802(5,7,8) away from the board 
$802(1-4,6) toward the board 


+5V Signature: F7HO 


Port 13 


Port 14 


Port 15 


Data Bit 1 


Data Bit 2 


Data Bit 3 


Data Bit 4 


Data Bit 5 


Data Bit 6 


U804(27) 


U804(28) 


U804(29) 


UB04(30) 


U804(31) 


U804(32) 


U806(18),U807(18), 


U808(18),U809(3), 
U810(14) 


U806(16),U807(16), 


U808(16),U809/4), 
U810(13) 


U806(14),U807(14), 


U808(14),U809(7), 
U810(12) 


U806(12),U807(12), 


U808(12),U809(8), 
U810(11) 


U806(9),U807(9), 
U808(9),U809(13), 
UB11(14) 


U806(7),U807(7), 
U808(7),U809(14), 
U811(13) 

















HP 3421A 


Service 


g. Set the S802 switch segments as shown in Figure 4-8-15 and check for the signatures 
listed in Table 4-8-8. If any signature is incorrect, refer to paragraph 4-8-71 to isolate the 
defective area. If all signatures are correct, assume that the HP-IB board is operating cor- 
rectly. If, however, the board still appears to be operating improperly, there is slight a possibili- 
ty that a failure exists with the internal CPU RAM that was not detected by SA Test #1. 





Figure 4-8-15. $802 Switch Settings for Signatures in Table 4-8-8 


Table 4-8-8. Signatures for Figure 4-8-15 Switch Settings (SA test #1) 


$802(6-8) away from the board 
S802(1-5) toward the board 


+5V Signature: F7HO 





Port 10 


Port 11 


Port 12 


Port 14 


Port 15 


Data Bit 1 


Data Bit 2 


Data Bit 3 


Data Bit 4 


Data Bit 5 


Data Bit 6 


U804(27) 


U804(28) 


UBO4(29) 


U804(30) 


UB04(31) 


U804(32) 





U806(18),U807(18), 
U808(18),U803/(3), 
U810(14) 


U806(16),U807(16), 
U808(16),U809(4), 
U810(13) 


U806(14),U807(14), 
U808(14),U809(7), 
U810(12) 


U806(12),U807(12), 
U808(12),U809(8), 
U810(11) 


U806(9),UB07(9), 
U808(9),U809(13), 
U811(14) 


U806(7),U807{(7), 
U808(7),U8039(14), 
U811(13) 
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4-8-71. Isolating an Incorrect S802 Signature. [f an incorrect S802 signature was found in 
Table 4-8-3 through 4-8-8, use this procedure to isolate the failure. It is unnecessary to per- = 
form this procedure if all those signatures were correct. 





4-8-72. Figure 4-8-16 shows a schematic representation of S802 and its associated circuitry. 
The switch segment positions illustrated correspond to the switch settings of Figure 4-8-10 
and the signatures listed in Table 4-8-3. In this configuration, switch segment 1 (pin 1 and 
16) is open (away from the pc board) and switch segments 2 through 6 are closed (toward 
the pe board). This is the only switch setting that is illustrated. Therefore, if the incorrect 
signature was found with the switch segment set differently, you must modify the procedure 
accordingly. 


4-8-73. Perform the following procedure to isolate a failure in the switch circuitry. 
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Figure 4-8-16. Checking the $802 Circuitry 


a. Make sure the HP 3421A front panel switch is on and the rear panel HP-IB/HP-IL 
switch is in the HP-IB position (in). 


b. Refer to Figure 4-8-16 and check for + 5V at U806 pin 2. If the voltage is correct, pro- 
ceed with step c. If incorrect, check S802 pin 1 (square pad on circuit side of board) for 
+5V. If the voltage is correct, either the trace between RP801 pin 13 and U802 pin 2 is open, 
or RP80O1 is defective. 


c. Check U806 pins 4, 6, 8, 11, and 13 for a ground level. If they are correct, the switch 
circuitry 1s good. If one or more is incorrect, do the following: 


1. Identify the line that is incorrect and check it at the output of S802 for a ground 
level. For example, if U806 pin 4 was incorrect, check S802 pin 2 for a ground level. 
If the line is at the ground level at the output of S802, the trace going to U806 is open. 
If still incorrect, proceed with step 2. 


2. Check the grounded input of $802 on the line that is incorrect. For example, if S802 
pin 2 is wrong, check S802 pin 15 for a ground level. If the input to the switch is wrong, 
the trace to that pin is probably open or the pin is not soldered properly. 
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4-8-74. SA Test #2 (HP-IL Troubleshooting) 


4-8-75. Run this test to isolate the defective component if an incorrect HP-IL signature was 
found in SA Test #1. Otherwise, it is not necessary to run this test. 


4-8-76. Perform the following procedure to run SA Test #2. 
a. Press the rear panel HP-IB/HP-IL switch (S801) to the HP-IL position (jout). 
b. Refer to Figure 4-8-17 and set the switch segment of S802 as follows: 


segments 1-7 toward the pe board (closed) 
segment 8 away from the pe board (open) 





Figure 4-8-17. S802 Switch Settings for SA Test #2 
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Figure 4-8-18. Jumper Configuration for SA Test #2 


c. Refer to Figure 4-8-18 and perform the following jumper configuration. 


1. Use a cliplead jumper and connect S801 lug 5 to S801 lug 17. 

2. Connect a cliplead jumper between S801 lug 2 and the side of R807 shown, 

3. Locate a 47002 to 62000 resistor with a rating of 1/8W or greater and connect 
between pins 3 and 6 of U802 as shown. It may be easier to use an IC clip rather 


than make jumper connections directly to the IC pins. 


d. Set the signature analyzer as follows: 


START = (out) 
STOP = (out) 
CLOCK = (out) 
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¢. Connect the signature analyzer as follows: 


* START to J801 pin 3 


STOP to J801 pin 4 
CLOCK to U804 pin 10 or U803 pin 27 
GND to J801 pin 6 or 7 





t. Make sure the HP 3421A front panel switch is on. 


g. Press the rear panel HP-IB/HP-IL switch (S801) to the HP-IB position (in). This powers 
up the HP-IB assembly. 


h. The +5V signature displayed on the signature analyzer should be 007U. If the +45V 
signature is correct, proceed with step i. If the signature is incorrect, either your setup is 
wrong or the CPU (U804) is defective. Since the operation of the CPU should have been 
verified in SA Test #1, your setup is probably incorrect, 


1. Check the signatures in Table 4-8-9, With this setup, the CPU (U804) is writing to the 
HP-IL chip (U803). If an incorrect signature is found, check the line between U803 and U804 
to make sure it is not open or shorted to another circuit location. If all the signatures are 
correct, proceed with step J. 


Table 4-8-9. HP-IL Signatures (U804 Write) 


$802(1-7) toward the board 
$802(8) away from the board 





+ 5V Signature: 0O7U 





Check At | Signature Also Appears At 


monic Function 
DO 


Data Bit UBO3(14) Us804(12) 
D1 Data Bit U803(13) U804/(13) 
D? Data Bit U803(12) U804/(14) 
D3 Data Bit U803(11) U804/(15)} 
D4 Data Bit U803(9) U804(16) 
D5 Data Bit U803(8) U804(17) 
D6 Data Bit U803(7) U804(18) 
D7 Data Bit U803(6) UBO4/(19) 
RSO CPU RAM 0 UB0O3(4) Us04(22) 
Address 
Line 
RS1 CPU RAM UBO3(5) UsBO4(21) 
Address 1 
Line 
RS? CPU RAM U8O3(3) UB04(23) 


j. Connect the signature analyzer clock to U804 pin 8 or U803 pin 26. With this configura- 


Address 
Line 


tion, U803 is writing to U804. 
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k. Verify the signatures in Table 4-8-10. Check the signature at U8O03 pin 12 first. This 
verifies if your setup is correct. If all the signatures are correct and all the signatures in Table #* 
4-8-9 were correct, the HP-IL circuitry on the HP-IB assembly is operational. If any signature 
is wrong, proceed with step 1. 





Table 4-8-10. HP-IL Signatures (U803 Write) 


$802(1-7) toward the board 
$802(8) away from the board 


+5V Signature: F7HO 


Data Bit 


Data Bit 


Data Bit 


Data Bit 


Data Bit 


Data Bit 


Data Bit 


Data Bit 


U803/(12) 
U803/14) 
U803(13) 


U803(11) 


| UBOSI9) 


U803(8) 
UBO3(7) 


U803(6) 


UBO04(14) 
U804(12) 
Us804(13) 
UB04(15) 
U804/(16) 
UB804(17) 
UB04(18) 


UsB04(19) 


CPU RAM O W803(4) UBO4(2?} 
Address 
Line 





CPU RAM U803(5) UBO4(2 1} 
Address 1 
Line 


CPU RAM U803(3) UBO4(23) 
Address 
Line 


If this signature is 0020, there is an open in the HP-IL loop. This is most | 
likely caused by an incorrect placement of one or more of the jumpers. 





i. Make sure all jumpers are still connected between R807 and S801 pin 2, and between 
S801 pin 5 and S801 pin 17. Also make sure the 4700-6200 resistor is connected between 
U802 pin 3 and U802 pin 6. The jumpers and resistors were put in place in a previous step. 
The signature analyzer is not needed in this procedure and may be disconnected if desired. 


m. Set a dual trace oscilloscope to 5uS/div sweep time and 2V/div vertical gain. Invert 
channel B of the oscilloscope. With the oscilloscope probes referenced to ground on the HP- 
IB assembly, check U803 pin 19 and 20, and then U803 pin 18 and 17 for the waveforms 
shown in Figure 4-8-19, To obtain the waveform shown in the figure, the HP-IB assembly 
must be running SA Test #2. Also, the jumpers are configured to simulate an HP-IL loop 
connection. Hence, the waveforms at U8Q3 pins 17 and 18 are generated as a result of the 
waveforms at U803 pins 19 and 20. If the waveforms are missing or incorrect, do the following: 


Check switch $802 for the following configuration: 





segments 1-7 toward the pe board (closed) 
segment 8 away from the pe board (open) 
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Figure 4-8-19. HP-IL Waveforms (SA Test #2) 
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2. Cycle power on the HP-IB assembly by pressing the rear panel HP-1B/HP-IL switch 
to HP-IL and back to the HP-IB position. This ensures that the HP-IB assembly is * 
running SA Test #2. 





3. Check for the waveforms at U803 pins 19 and 20. If these are missing or incorrect, 
U803 is probably defective. 


4. If the waveforms at U803 pins 19 and 20 are good, but the waveforms at U803 pins 


17 and 18 are incorrect or missing, suspect U802 or S801. Keep in mind that the failure 
could also be caused by any component associated with the defective line. 


4-8-77. SA Test #3 (HP-IB Troubleshooting) 


4-8-78. Run this test to isolate the defective component if any incorrect HP-IB signature 
was found in SA Test #1. Otherwise, this test is not necessary. 


4-8-79. Perform the following procedure to run the test. 
a. Press the rear panel HP-IB/HP-IL switch (S801) to the HP-IL position (out). 
b. Refer to Figure 4-8-20 and set the switch segments of S802 as follows: 


segments 1-6 and 8 toward the pc board (closed) 
segment 7 away from the pe board (open) 





Figure 4-8-20. $802 Switch Settings for SA Test #3 
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c. Set the signature analyzer as follows: 





START = Y/Y“ (out) 
STOP = f et) 
CLOCK = _/ (out) 
d. Connect the signature analyzer as follows: 
START to J801 pin 3 
STOP to J801 pin 4 
CLOCK to J801 pin 5 
GND to J801 pin 6 or 7 


e. Refer to Figure 4-8-21 and connect the cathode of CR821 to the negative side of C805. 
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Figure 4-8-21. Jumper Configuration for SA Test #3 
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[. Press the rear panel HP-IB/HP-IL switch to the HP-IB position (in). This powers up 


the HP-IB assembly. pd 


g. The +5¥V signature displayed on the signature analyzer should be 7C97. If this signature 
is wrong, make sure the signature analyzer is properly connected. 





h. Verify the signatures in Table 4-8-11. If any signature is incorrect, replace U804. If 
all signatures are correct, proceed with step i. 
Table 4-8-11. HP-IB U804 Signatures 


2802(1-6,8) toward the board 
| SB02(7) away from the board 


+ 5V Signature: /C97 


Mnemonic Function Check At Signature Also Appears At 


Control U804(38) 7 U805(1) 
Control | UBO4(37) | UB05(15) 
Contro! U804(36) | | U805(3, 13) 


Control U804(35) 9115 U805(2.14) 





1. Verify the signatures in Table 4-8-12. If any signature is incorrect, U804 is probably 
defective. If all signatures are correct, proceed with step j. 





Table 4-8-12. HP-IB U805 Signatures © 


$802(1-6,8) toward the board 
| S$802(7) away from the board 


+5V Signature: 7C97 


















Enable Line U805(6) U806(1,19) 
for UBO6 
Enable Line | U8O5(5} U808(1,19) 
for U808 
Enable Line U8O5(4) UBO7(1,19) 











for UBO?7 













Clock for 
U810 and 
UB11 


U805(11) UB10(7),U811(7) 





Clock for 
UBO9 





U805(12) U809(11) 


j. Move the signature analyzer clock to U805 pin 5. 


k. The +5¥V signature should be 6680. If it is incorrect, check your setup. If it is correct, 


proceed with step |. s 
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|. Verify the signatures in Table 4-8-13. If all signatures are correct, proceed with step 
* m. If any signature is incorrect, suspect the IC that sources the signature. 





Table 4-8-13. HP-IB U810 and U811 Signatures 


$802(1-6,8) toward the board 
S802(7) away from the board 


+5V Signature: 6680 


Control U8 10/6) U815(11) 
Control U810(5) U815(8) 
Control U810(4) 

Control U810(3) 

Control U811(6) 

Control U811(5) U8 16/8) 


Control U811(3) U815(14) 





m. Refer to Figure 4-8-22 and check pin 10 of the rear panel HP-IB connector (J806) for 
a signature of 3P25. The rear panel HP-IB connector is illustrated upside down as this Is 
the way it should be positioned on your work surface. If this signature is correct, proceed 
with step n. If it is incorrect, check Q803 and associated components. 





SIGNATURE ON PIN 10 
SHOULD BE 


| 


- 


3421 6-ce 





Figure 4-8-22. J806 Pin 10 Signatures (SA Test #3) 


n. Verify the signatures in Table 4-8-14 in the given order. If they are all correct, proceed 
to step o. If any signature is incorrect, replace the component listed in the table. For this 
setup, ATN is floating and REN is grounded. 
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Table 4-8-14. HP-IB Control/Handshake Signatures with ATN Floating and REN Grounded 





$802(1-6,8) toward the board 
5802/7) away from the board 


+5¥V Signature: 6680 


Mnemonic Function 


Control 
Control 
Handshake 
Handshake 
Control 


Handshake 
Control 
Control 
Handshake 
Handshake 
Control 
Handshake 


Handshake 


Handshake 


Control 


Handshake 
Handshake 
Control 
Control 
Control 


Control 
Control 
Control 
Contral 
Control 
Handshake 
Handshake 


Handshake 


Check At 


U812(10) 
U814(8) 

U815(15) 
U816(11) 
U8S16(10) 


U815(6) 
U815(10) 
U815(12) 
U816(4) 
U817(4) 
W861 73) 
UB12(1) 


U812(3) 


UB12(5) 


UB12(9} 


UBT2(13} 


U812(2) 
U812(4) 
U812(6) 
U812(8) 
US12(12) 
W8O4(34) 


UBO4(33) 


U8O04(32) 


UB04(31) 


U804(30) 


UBO04(29) 


U604(28) 


WeO4(27) 


Signature 


O000(GND) 
6680(+ 5V) 
3793 
6680(+ 5) 
8C16 


UO?S3 
BC 16 
6CF2 
96U3 
PH96 
9402 
CCOA 


OTS 


OO00(GND; 


HHBA 
96US 
PH96 
9402 
6680(+ 5V) 
OO00f 


& indicates that the probe tip should be flashing 


Also 
Appears At 


U808(15) 
U816(9) 
WE16(12) 
W816(6) 
U809(1),U817(2;, 
U817(5) 

UB16(5) 

U8 17/16) 

UB17I1) 


UB20(8),J8061 7) 


W820(7),J806(8) 
RP8O03(13),RP804) 1) 


U820(14),RP803(1), 
RP804(13) 


U820/1),RP8O3/1 2), 
RP8O4(2) 


Grounded For This 
Setup 


UB08(2),RP802(11; 
U808(4),RPB8O2(12) 
U808(6),RP802(13) 
U808(8), RP8O2(9) 
U808(1 5) 


U806(3),U807(3), 
U608(3),U809/(18), 
UB11(71) 


U806(5),U807(5), 
U808(5),UB09(1 7), 
U811(12) 


US06(7),U807(7), 
U8O8(7),U809/14), 
U811(13) 


U806(9),U807(9), 
U808(7),U809(13), 
U811(14) 


U806(12),UB07(12}, 
U808(12),U809(8), 
U810(11) 


UB806(14),U807(14), 
U808(14),U809(7), 
U810(12) 


U806(16),U807(16), 
U808(16),U809/4), 
US1O(13) 


U806(18),U807(18), 
U808/18),U809/3), 
U810(14) 


suspect Part lf 
Signature Is Wrong 


Us12 
uUs14 
U815 
U6B16 
W816 


U815 
U815 
U815 
U816 
U817 
U817 


U820,CR8 16, 
R643,R835 


U820,CR81 7, 
RP803,J806 
RP804,J806 


U620,CR81& 
RP803,RP804, 
J806 


U820,CR819, 
RP803,RP804. 
JB06 














HP 3421A Service 
o. Move the cliplead jumper from the cathode of CR&821 to the cathode of CR820. The 

other end of the cliplead jumper is grounded. With this configuration, ATN is grounded 

and REN is floating. 





p. Verify the signatures in Table 4-8-15 in the given order. If they are all correct, proceed 
to step q. If any signature is incorrect, replace the component listed in the table. 


Table 4-8-15. HP-IB Control/Handshake Signatures with ATN Grounded and REN Floating 


S8027(1-6,8) toward the board 
S802(7) away from the board 


+5¥V Signature: 6680 





Control 
Control 
Handshake 
Control 


Handshake 
Handshake 
Control 

Handshake 


Handshake 


Control 


Control 


Handshake 
Control 
Control 
Control 


Control 


Control 


Control 


Control 


Control 


Handshake 


Handshake 


Handshake 


W812(10) 
W874(8) 

U816111) 
U816(10) 


U816(4) 
UST 7 (4) 
U817(3) 
UB12(3) 


U8121(9) 


UB12(13) 


U81214) 
UB12(6) 
U812(8) 
US812(12) 
U804(34) 


UsBO04(33) 


UBO4/(32) 


WBO4(31) 


U804(30) 


UBO4(29) 


Us04(28} 


U8O04(2 7} 


Signature 


66680( + SV) 
OOO(GND} 
Bi13 
6680( + 5V) 


2385 
OOO00(GND| 
OO000(GND) 
4505 


6680| + 5V} 


6680|+ 5V} 


6680/ + 5V) 


2385 
OOOOIGND) 
OO000(GND) 
OO00(GND) 
o000f 


Also 
Appears At 


U808(15) 
U816(9) 

U816(6) 
U8O9(1),U8T 7( 2), 
U817(5) 


U820( 7), JB06(8), 
RP803(13),RP804(1; 


U820(14), RP8O3(1), 
RP8O4(13) 


U820(1), RP803(12}. 
RP&O4(2) 


Floating For This 
Setup 


U808(4), RP8O211 2; 
U808(6),RP802(13) 
U808(8), RP8O2(9) 
U808(15) 


U806(3),U807(3), 
U808(3)},U809(18), 
U811(11) 


U806(5),U807(5), 
U808(5),U809(17), 
U811(12) 


UB06(7),UB807(7), 
U808(7),U809/14), 
U811(13) 
U806(9),U807(9), 
U808(7),UB809(13), 
U811(14) 


U806(12),U807(12), 
U808(12),U809(8), 
U810(11) 


U806(14),U807(14), 
U808(14),U8093(7), 
U810(12) 


U806(16),U807(16), 
U808(16),UB09(4), 
U8 10/13) 
U806(18),U807(18), 
U808(18),U809(3), 
U610(14) 





Suspect Part If 
Signature ls Wrong 


W812 
W814 
UB16 
UB16 


U816 
UB17 
UB17 


U820,CR81 7, 
RPS803,J806 
RP804,J806 


U820,CR818 
RP8O3,RPBO4, 
J806 


U820,CR819, 
RP#O3,APB04, 
J806 


UB12 


UB12 
UB12 
UB12 
UB12 
UBOB 


| f indicates that the probe tip should be flashing 
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q. Move the signature analyzer clock to U80US5 pin 4. 





r. Move the cliplead jumper from the cathode of CR820 to the cathode of CR821. The ® 
other end of the cliplead jumper is grounded. 


s. The +5V signature displayed on the signature analyzer should be 6680. 


t. Verify the signatures in Table 4-8-16 in the given order. If all signatures are correct, 
the HP-IB portion of the circuitry is operational. If any signature is wrong, replace the part 
identified in the table. 


4-8-80. +5V POWER SUPPLY TROUBLESHOOTING 


4-8-81. When troubleshooting the +5V power supply on the HP-IB option, make sure your 
test Instrument is referenced to the correct ground (see Figure 4-8-23). The optoisolator (U801) 
and transformer (1801) isolate the two grounds, Use the ground on the HP-IB option when 
checking components associated with the secondary of T801. This includes U801 pins 2 and 
3. Use the HP 3421A mainframe ground when checking all remaining components. 


4-8-82. Voltage VB is used to power the +5V power supply. Therefore, make sure VB is 
applied to the HP-IB assembly when troubleshooting the +5V power supply. VB is applied 
when the rear panel HP-IB/HP-IL switch is placed in the HP-IB position while the front 
panel switch is on. If the HP-IB/HP-IL switch is in the HP-IL position, VB is removed from 
the HP-IB assembly. 





4-8-83. Troubleshooting Tips 


4-8-84. The following paragraphs list some things to look for when certain failures occur. 
Figure 4-8-23 shows the voltages and waveforms to expect when the +5V power supply is 
operating properly. 


4-8-85. Output Voltage Too High. When the output voltage (+ 5V) is greater than 5.25Vdc, 
suspect a problem in the feedback loop. A feedback loop problem will most likely be caused 
by U801 or CR803. To check U801, make sure that the voltages listed for the various pins 
are correct, especially the voltage at U801 pin 5. If the voltage at pin 5 is more negative than 
—14Vdc, U801 is probably defective. If pin 5 1s more positive than —7Vdc, the problem 
could be U801, CR801, or C804. The voltage at U801 pin 5 should be between — 7Vdc and 
—14Vdc for U801 to provide the proper feedback, and can vary between these limits with 
changes in VB and U801 component variations. 


4-8-86. When checking CR803, expect to measure a cathode to anode voltage differential 
of about 4.1Vdc, NOT 3.6Vdc. CR803 is rated at 3.6V at 300 wA. In this circuit application, 
however, the current through CR803 is approximately | mA, which causes the voltage across 
CR803 to be about 4.1 Vdc. 


4-8-87. Output Voltage Too Low. This type of problem could be caused by several circuit 
components, including a low impedance path across the output of the supply. Make sure 
that VB is between 5.8 Vde and 7.6Vdc. Also check U801 pin 5 to make sure it has a negative 
voltage of at least —7 Vdc. If U801 pin 5 is more positive than —7V, suspect U801 or C804. 
If none of the preceding items seem to be the problem, check the remaining voltages and 
waveforms. 
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58027(1-6.8) toward the board 
S802(7) away from the board 


Mnemonic 


+ 5V Signature: 6680 


=~ @8 a mon & ww Mw = 


Data Bit 


Data Bit 


Table 4-8-16. HP-IB Data Signatures 


UsOSi2) 
Us0g(5) 
UIBOS(6) 
UBO39(9) 
UB09/12) 
U809(15) 
809116) 
UBO9(19) 
UB13(1) 


U813(3) 


U8 13(5) 


UW813(9} 


UBISIT 1) 


U813(13) 


UB14(1) 


U814(3) 


W871 32) 
U813(4) 


U8 13(6) 
U8 13/8) 
U813(10) 
U813(12) 
U814(2) 
U814(4) 
U804(27) 


UBO4(28) 


U804(29) 


U804(30) 


US8O04(31} 


UB04(32) 


UBO04(33) 


U804(34) 


Also 
Appears At 


U8 1818}, RPBOS(9}. 
RPBO4(5),JB06(1) 
US18(7),RPBO3(8). 
RP804(6),J806(2) 
U818(14),RPB8O3(5);, 
RP804(9),J806(3) 
U818(1),RPBO3(4), 
RP804(10),J806(4) 
U81918),RP803(10), 
APS804(4),JB06(13) 
U819(7),RP803(3), 
RP8O4/1 1),J806(14) 
3819(14),RP803(7), 
RP804(7),J806(75) 
W819(1),AP8O3(6}, 
RP804(8),J806(16) 
UBO7(2),RPB8O02(4) 
UBO7I4), RPBO2(3) 
U807(6),RAPBO1(17) 
U807(8),RPBO2(?2) 
UBOTI11),RP802(8} 
U807(13),RP802(7) 
U807(15),RP802(6) 
U807(17),RP802(5) 
U806(18),U807(18), 
U608(18),U809(3), 
WB10(74) 
U806(16),U807(16), 
U808/16),U809/(4), 
WEB10(13) 
U806(14),U807(14), 
U808(14),U809(7), 
U810(12) 
W806(12),U807/1 2), 
W808(12),UB09(8), 
U8S10(11} 


U806(9),U807(9), 
U808(9),U809(13), 
W817(14) 


US806(7),U80717), 
U808(7),U809(14), 
U811(13) 


U806(5),U807(5), 
U808(5),U809(1 7), 
U811(12) 
U806(3),UBO7(3), 
U808(3),U809/18), 
U811(11) 


Suspect Part If 


Signature Is Wrong 


UBOS 
U809 
U809 
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CHAPTER 5 


MODEL 3421A 12 Vdc POWER ADAPTER OPTION 
(OPTION 214) 





Engineering Revision Codes (ERCs) 


This chapter applies directly to power adapter with an engineering revi- 
sion code of 2607. See Section VII of this chapter if your assembly has 
an ERC lower than 2607. If the ERC of your assembly is above 2607, 
updating information may be on a yellow MANUAL CHANGES sup- 
plement (located at the front of the manual). For Option 212 (older 12 
Vdc Battery Option) refer to Section VII for backdating information. 


WARNING 2 


The information in this manual ts to be used by qualified service trained 
individuals only. To avoid personal injury, do not perform any procedures 
in this manual, or perform any servicing of the instrument or its options, 
unless you are trained in electronic circuitry and understand the hazards 
involved, 





The HP 3421A uses latching relays on the Multiplexer/Actuator Option 
(020, 021, or 022) and on the mainframe. The state of these relays can 
only be altered under program control. This ts an advantage in the sense 
that, under most conditions of failure, the relays will remain in whatever 
state your program has set them. However, in case of power or equip- 
ment failure, any application requiring a failsafe method of insuring that 
circuits under control are in a known state must be provided by the in- 
staller. 


Ifa Multiplexer/ Actuator Assembly ts installed in the HP 3421A, depen- 
dent on the configuration, any voltage connected to the assembly may 
also appear on the Model 3421A’s front panel terminals. Make sure you 
do not touch the terminals if any high voltage is connected to the assembly, 
or personal injury can result. 
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SECTION | 
GENERAL INFORMATION 


The information in this manual is to be used by qualified service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 


The HP 3421A uses latching relays on the Multiplexer/ Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This ts an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them. However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known State must be provided by the installer. 


If a Multiplexer/Actuator Assembly is installed in the HP 3421A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals. Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 


5-1-1. INTRODUCTION 


5-1-2. This chapter is intended for qualified service trained personnel only. Other individuals 
refer to the ‘HP 3421A Operating, Programming, and Configuration Manual’’. 


5-1-3. The 12 Vde Power Adapter Option is intended to be installed only by the factory or 
HP Service Center. The programming information for the HP 3421A is unchanged when 
the option is installed. The information is found in the ‘‘HP 3421A Operating, Programm- 
ing, and Configuration Manual’’. This chapter has eight sections that are assigned as follows: 


Section I - General Information 
This section describes the content of Chapter 5, has a brief description of the 12 Vdc Power 
Adapter Option, and lists its specifications. 


Section Il - Installation 
This section explains how to connect the 12 Vde Power Adapter Option to an external 12 
Vdc source, and how to connect peripherals to the rear panel power supply ports. 


Section III - Operation 
This section normally contains operating information. No operating information for the battery 
option is given. 
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Section IV - Performance Verification and Calibration 
This section contains the operational verification checks for the 12 Vdc Power Adapter Option. ~ 





Section V - Adjustments 
This section normally has the adjustment procedures. Since the 12 Vdc Power Adapter Op- 
tion has no adjustments, no procedures are in this section. 


Section VI - Replaceable Parts 

For ease in obtaining part numbers, all the replaceable parts for the 12 Vdc Power Adapter 
Option are in Chapter 1 (Mainframe Service Information), Section VI of the manual. Ordering 
information, and all chassis and mechanical parts are also included. 


Section VII - Manual Changes 

This section contains information to update this chapter for use with 12 Vdc Power Adapter 
Options that have ERC numbers different than shown on the title page of this chapter. It 
also adapts this chapter to assemblies that are different (eg, Option 212 assemblies) than 
what 1s described in this chapter. 


Section VIII - Service 
This section contains troubleshooting information, theory of operation, and the schematic. 


5-1-4. DESCRIPTION 


5-1-5. The 12 Vdc Power Adapter Option allows the HP 3421A Data Acquisition and Con- 
trol Unit, an HP-71B Handheld Computer, an HP 9114B HP-IL Disc Drive, and an HP 
2225B HP-IL ThinkJet Personal Printer to be operated from an external 12 V source, such 
as a standard 12 V automobile battery. This permits operation in remote locations where 
ac power is unavailable or where a battery backup is needed in case of an ac power failure. 





5-1-6. A cable assembly is supphed with Option 214 that provides peripheral battery charg- 
ing for the HP-71B computer, HP 9114B Disc Drive, and HP 2225B Printer only. The cable, 
when plugged into the HP 3421A rear panel, provides the charging voltage and current through 
various ports. This assumes that the battery option is connected to an external 12 Vdc source. 
The ports are inactive when the HP 3421A is connected to the ac line only. 


5-1-7. PRINTED CIRCUIT BOARD IDENTIFICATION 


5-1-8. The 12 Vde Power Adapter Option Board ts identified by the board number and the 
engineering revision code. These two numbers identify the electrical characteristics of the 
circuit board. The engineering revision code and board part number are listed on the schematic, 
component locator, and replaceable parts list. 


5-1-9. In any service related correspondence, identify the printed circuit board by using the 
board number followed by the engineering revision code. For example: 
0342 1-665 15-2334 


would identify a 12 Vdc Power Adapter Option circuit board having an engineering revision 
code of 2334. 





5-1-10. BOARD PART NUMBER AND ERC NUMBERS 








HP 3421A General Information 


§-1-11. The HP part number of the printed circuit board is etched on the pe board. It 1s 
a ten digit number, separated by a hyphen into two groups of five digits. The first five digits 
identify the model or assembly number; the last five digits are unique to the assembly. 


5-1-12. The ERC number is on a label which is the only one on the pe board that has a four 
digit number. This four digit code is in the form of YYWW, where YY is the last two digits 
of the year minus 60, and WW is the week. For example, an ERC of 2310 would identify 
a change that was made to the assembly in the tenth week of 1983. Refer to Chapter I, Section | 
for more information on ERC numbers. 


5-1-12. SPECIFICATIONS 
5-1-13. The 12 Vde Power Adapter Option specifications are listed in Table 5-1-1. 


Table 5-1-1. Specifications 
NOTE 


To maintain the specifications in this table, the external 12V source 
must have good load regulation, and the lead resistance specifica 
tions outlined in Figure 5-2-7 must be observed. 


Input Voltage: 11.5 Vde to 15.3 Vde* 


Input Hysteresis: 11V (drop out)* 
12 V (start up)* 


Electronic Shutdown (Crowbar Threshoid) 
Voltage: 16.01 Vdc to 16.86 Vdc 


Common Mode Rejection 


Under normal operating conditions, the dc common mode rejection specification is the 
same as the mainframe specification without this option installed (140 dB). However, 
at 40°C, 65% relative humidity and above, the dc common mode rejection is degraded 
to 110 dB when the option is used with a grounded battery. 


* The input voltage and input hysteresis specifications imply that the mainframe power 
supply will start up with a minimum external source voltage of 12 Vdc, and will con- 
tinue to operate until the external source voltage drops to 11 Vde (+ .2 Vdc). 











SECTION II 
INSTALLATION 


The information in this manual ts to be used by qualified service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 


The HP 3421A uses latching relays on the Multiplexer/ Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This is an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them. However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known state must be provided by the installer. 


If a Multiplexer/Actuator Assembly is installed in the HP 3421A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals, Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 


5-2-1. INTRODUCTION 


5-2-2. This section explains how to connect the 12 Vde Power Adapter Option to an exter- 
nal 12 Vde source. It also explains how to connect the peripheral battery charging cables 
to an HP-71B Handheld Computer, an HP 9114B HP-IL Disc Drive, and an HP 2225B HP-IL 
ThinkJet Personal Printer. 


5-2-3. EXTERNAL SOURCE VOLTAGE REQUIREMENTS AND PRECAUTIONS 


5-2-4. The input voltage and hysteresis specifications must be considered collectively to in- 
sure for proper external voltage selection. Although the input voltage is specified as 11.5 Vdc 
to 15.3 Vdc, the mainframe voltage generated by the switching power supply on this option 
will probably not start unless the external voltage is 12 Vdc or greater. Also, the external 
voltage must have good load regulation. If the voltage drops below 11 Vde (+.2 V), even 
momentarily, the switching power supply will turn off. When the switching power supply 
is started again, it will probably operate until the source voltage drops below 11 Vdc. 


5-2-5. If the switching power supply shuts down due to a low external source voltage, the 
operation of the computer, disc drive, and printer power supply will not be affected. These 
devices will continue to operate providing their internal batteries have sufficient charge. Their 
supplies will discharge if no means is provided to maintain battery charge. 


Installation HP 3421A 


5-2-6. Always fuse the positive lead of the cabie that connects to the external 12 Vde source. 
The fuse must be rated at 2.5 A normal or fast blow and located no more than 6’’ (~ 15 cm) s 
from the 12 Vdc source. This will guard against a fire hazard and protect an external battery | 
from being discharged or damaged should a short occur across the cable leads. 





5-2-7. The 6’ (~ 1.85 m) cable assembly that is provided with this option is to be used to 
connect the external 12 Vdc source voltage. If this cable is too short, another cable can be 
spliced onto it. When splicing cables, make sure to use the proper gauge wire (see Figure 
5-2-1). Inadequate gauge wires can cause improper operation of this option. The total wire 
resistance must not exceed 0.2 Q (i.e., the combined resistance of both wires in the cable 
assembly). Splices should be staggered, have good mechanical connections, and can be either 
soldered or crimped. Once the splices are made, insulate them with heat shrink tubing or 
electrical tape. It is not recommended that you disassemble the cable connector and resolder 
a new cable to it. 


5-2-8. PERIPHERAL POWER SUPPLIES 


5-2-9, A cable assembly is provided with Option 214 to supply power to the HP-71B Hand- 
held Computer, HP 9114B HP-IL Disc Drive, and HP 2225B HP-IL ThinkJet Personal 
Printer. Do not attempt to power other peripherals from this cable assembly. The computer 
power cable ts labeled ‘““CONTROLLER ONLY’”’. The other two cables provide the same 
output voltage and can be used for either the printer or disc drive. 


5-2-10. The handheld computer, disc drive, and printer batteries can be charged from the 
cable assembly only when the battery option is connected to an appropriate 12 Vdc source. 6 
The peripheral battery charger supplies for these peripherals are inactive when the HP 3421A 

is powered from its internal battery or the ac line. The 12 Vdc Power Adapter Option, not 

the HP 3421A, generates the battery charging voltage for the external devices. 





5-2-11. When using the printer and/or disc drive for extended periods, the time interval bet- 
ween readings must be maximized to prevent excessive discharge of these battery powered 
peripherals. Even with a maximum charge current supplied, these peripherals consume more 
power in their active states than an external charger is able to supply. This loss of power 
can be recovered during periods of HP-IL inactivity. This power recovery can be improved 
by programmatically placing the HP-IL device in a Low Power state between measurements 
and data sequences. Refer to the user documentation for your HP-IL computer for more 
information on sending the HP-IL message ‘‘Low Power Down’’. 


§-2-12. PARTS NOT SUPPLIED BY HP 


5-2-13. The parts that may be required to use this option are appropriate connectors for 
the end of the 6’ cable that connects to the 12 Vdc source. Such connectors are not supplied 
by Hewlett-Packard. Also, if the 6’ cable is not long enough for your requirements, it will 
be necessary to obtain an additional length of cable. 


0-2-14. LENGTHENING THE 12 VDC SOURCE CABLE 


5-2-15. This procedure explains how to lengthen the 6’ cable assembly that was provided. 
If it is not necessary to lengthen the cable, disregard this procedure and proceed to paragraph 
5-2-17. If you perform this procedure, it is very important to use the proper gauge wire and 
observe the correct lead polarity. 
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5-2-16. To lengthen the cable, perform the following steps. 


e a. Determine the cable length extension required. Then refer to Figure 5-2-1 to select the 
proper wire gauge. For example, if you need to splice on a 20’ (6.1 m) cable, choose a wire 
gauge no less than 20 AWG. 
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WIRE GAUGE 


Figure 5-2-1. Wire Gauge Vs. Cable Length 


b. Refer to Figure 5-2-2A and remove the fuse holder by cutting the wire approximately 
3’? (~ 7 cm) from where the wires branch out of the cable. Do not cut the other cable wire. 


c. Remove approximately 1 1/2’’ (~ 3.5 cm) of insulation from both cable wires and from 
one end of the fuse holder wire as shown in Figure 5-2-2B. 


d. If you are going to use heat shrink tubing for insulation, cut three pieces about | 1/2” 
long and place them over the two cable wires and the one end of the fuse holder where the 
insulation was removed. Slide the heat shrink tubing over the bare wire and onto the in- 
sulated portion of the wire. The heat shrink tubing can then be moved into place after the 
splices are made. 


e. Prepare one end of the cable extension being added to match the staggered wire lengths 
of the cable that has just been cut. Make sure the positive lead in the cable extension is the 
long wire. See Figure 5-2-2C. 


f. Observe polarity and splice the two cable assemblies together. The splices can be either 
soldered or crimped. For soldered splices, make sure they are mechanically secure before 
soldering. See Figure 5-2-2D. 





Installation 


eS 


. Cover the splices with heat shrink tubing or electrical tape. 


h. Prepare the end of the cable as shown in Figure 5-2-2E. Make sure the positive lead 
is the short wire. 


1. If heat shrink tubing is to be used for insulation, cut a piece about 1 1/2’’ (3.5 cm) 
long and place it over the end of the fuse holder where you previously removed the insulation. 


}. Connect the fuse holder to the positive lead of the cable. The fuse holder may be con- 
nected using a soldered or crimped connection. A soldered connection should be mechanically 
secure before soldering. See Figure 5-2-2F. 


WARNING 


Always fuse the positive lead of the cable that connects to the 12 Vdc 
source with a 2.5 A normal or fast blow fuse. The fuse should be 
placed no further than 6” (15 cm) from the 12 Vdc source. This 
Is especially important if the 12 Vdc source is a vehicle battery. If 
this is not done, equipment failure or shorted leads could deplete 
or damage the 12 Vdc source, or create a fire hazard. 


k. Cover the fuse holder splice with heat shrink tubing or electrical tape. 


|. The final cable should resemble the one shown in Figure 5-2-2G. 


§-2-17. CONNECTING THE EXTERNAL 12 VDC SOURCE 


5-2-18. As specified, the external voltage must be between 11 Vdc (+ .2 V) and 12 Vde for 
the switching power supply (used to power the HP 3421A) to operate. Also, the external 
voltage must be at least 11.5 Vdc to keep the batteries of the peripherals charged. However, 
the switching power supply does need 12 Vdc to start. A momentary interruption causing 
the supply voltage to go below 11 Vdc, but returns between 11 Vdc and 12 Vdc, can cause 
the switching supply to turn off. Prevent this from happening by using connectors that pro- 
vide solid uninterruptable connections. Connectors can be used on the end of the cable assembly 
for the following procedure. Having connectors on the cable simplifies the connecting and 
disconnecting of the 12 Vdc source. For example, alligator clips on the ends of the cable 
could be used when connecting to a vehicle battery. 


a. Connect the negative lead of the cable assembly to the negative (—) terminal of the 
12 Vde source. 


b. Connect the positive lead of the cable assembly to the positive (+ ) terminal of the 12 Vdc 
source, 


c. Plug the other end of the cable assembly into the rear panel of the HP 3421A. The 
connector is keyed so that it will only plug in one way. 


d. You should now be able to power the HP 3421A from the external 12 Vdc source. Also, 
if the HP 3421A internal battery has a low charge, the external 12 Vdc source will serve as 
a charger as long as it is plugged into the HP 3421A rear panel. 
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Figure 5-2-2. Lengthening the 12 Vdc Power Adapter Cable 
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5-2-19. CONNECTING THE PERIPHERAL POWER SUPPLIES 


5-2-20. Refer to Figure 5-2-3 and perform the following procedure to connect the power © 
supply cables to the peripherals. 


a. Locate the peripheral power supply cable assembly and plug the end with the large con- 
nector into the HP 3421A rear panel. The connector is keyed and plugs into the rear panel 
only one way. 


b. Identify the cable labeled ‘“CONTROLLER ONLY” and plug it ONLY into the HP-71B. 
Do not attempt to use this cable for a different model controller. 


c. The other two cables can be used to power an HP 2225B HP-IL ThinkJet Printer and 
an HP 9114B (not HP 9114A) HP-IL Disc Drive. Either cable can go to either device, but 
do not attempt to use the cables to power any other peripheral device, including the HP 9114A 
Dise Drive. 
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Figure 5-2-3. Power Supply Connections } 
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5-2-21. HP-IL CONNECTIONS 





* 5-2-22. The HP-IL I/O connections are illustrated in Figure 5-2-4. 
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Figure 5-2-4. HP-IL 1/0 Connections 
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SECTION Il 
OPERATION 


§-3.1. This section normally contains operating instructions. However, operation of the 
HP 3421A is unchanged with the 12 Vdc Power Adapter Option installed. Refer to the 
‘‘HP 3421A Operating, Programming, and Configuration Manual’’ for the Model 3421A 
operating instructions. 











SECTION IV 
OPERATION VERIFICATION 


WARNING 


The information in this manual ts to be used by qualified service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 


The HP 3421A uses latching relays on the Multiplexer/ Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This is an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them. However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known State must be provided by the installer. 


If a Multiplexer/Actuator Assembly is installed in the HP 3421A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals. Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 


5-4-1. INTRODUCTION 


5-4-2. This section contains an operational verification procedure for the 12 Vde Power 
Adapter Option. The procedure allows you to check the various power supply voltages that 
are generated by this option. 


5-4-3. RECOMMENDED EQUIPMENT 


5-4-4. A digital voltmeter (like the HP 3456, 3468, or 3478) is recommended to perform these 
tests. 


5-4-5. OPERATION TEST PROCEDURE 


5-4-6. Use the following procedure to check the operation of the 12 Vdc Power Adapter 
Option. To do this, the HP 3421A’s top cover needs to be removed. This procedure is in- 
cluded in the following procedure. 


a. Make sure the HP 3421A is turned off and the ac power cord is disconnected from 
the instrument. Also make sure all external sources of power have been removed from the 
option terminal blocks. 


5-4-] 


Operation Verification HP 3421A 


b. Turn the instrument upside down. This is preferably done on top of a protective mat 


to reduce the possibility of scratching or marring the instrument case. Use a static safe mat 
to prevent any buildup of static electricity. Refer to Figure 5-4-1 and loosen the six screws 


on the instrument bottom. 








Figure 5-4-1. Loosen Bottom Screws 


c. Hold the top cover in place and turn the instrument upright. 


d. Then remove the top cover. 


e. For all installed options that have external connections, remove the strain relief, grey 
“WARNING” safety cover, and terminal block edge connectors as follows: 


1. Remove the two screws holding the black strain relief bar. 
2. Loosen the two captive screws that hold the grey ‘‘WARNING”’ safety cover. 


3. Loosen the two screws holding the terminal block to the option circuit board and 
then remove the terminal block. 


i. Connect the 12 Vdc source to the rear panel connector per the instructions given in 
Section II of this manual. Make sure the instrument is disconnected from the ac line. 


g. Connect the negative lead of your digital voltmeter to the HP 3421A instrument ground. 
The transformer shield or motherboard GND test point are convenient ground connections. 





h. Locate C700, the 1100 »F motherboard capacitor. This is the large capacitor behind 
the HP 3421A front panel display. 
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i. Use the positive lead of the voltmeter and probe the positive (+) side of C700. The 

voltage should read between 10 Vde and 14 Vdc. If the voltage is correct, the mainframe 

* power supply is OK. If the voltage is incorrect, check F801 (the 2.5 A option fuse accessible 
from the rear panel), F700 (the 2 A fuse located on the motherboard toward the right rear 
of the instrument), and the fuse in the positive lead at the 12 V source before troubleshooting. 





j. Locate the peripheral power supply cable assembly (P/N 03421-61603) and plug it into 
the rear panel connector. 


k. Locate the power cable for the HP-71B. It is labeled “CONTROLLER ONLY’”’. Measure 
for 10 Vde (+.5 V) across the two pins in the end of the cable connector. The voltage can 
be either positive or negative, dependent on voltmeter connection. If the voltage is correct, 
the controller power supply is good. If incorrect, do the following: 


1. Unplug the power supply cable assembly from the rear panel connector. 


2. Refer to Figure 5-4-2 and check for 10 Vde (+.5 V) at the rear panel connector, 
as indicated in the figure. If the voltage is correct but incorrect or missing in step k, 
the cable assembly is defective. 


3. If the voltage at the rear panel connector ts incorrect, make sure all posts on the 
rear panel connector have wires connected to them. Make sure the wires are connected 
to the 12 Vde Power Adapter Option (see Section VIII, paragraph 5-8-73 to verify pro- 
per wiring). It may be necessary to remove the four screws securing the option and lif- 
ting out the option to verify proper connection. If the wires appear to be connected 
properly, go the Section VIII in this chapter for troubleshooting. 
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Figure 5-4-2. HP-71B Power Supply Connections 


|. Locate the power cables for the disc drive and printer. These are the cables without 
labels. Measure the voltage across the two pins in the end of each cable connector for 10.2 
Vde(+.3 V). These voltages can be either positive or negative, dependent on voltmeter con- 
nection. If these voltages are correct, the disc drive and printer power supplies are good. 
If either voltage is incorrect, do the following: 





1. Unplug the power supply cable assembly from the rear panel connector. 
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2. Refer to Figure 5-4-3 and check for 10.75 Vde (+ .25 V) at the rear panel connector, 
as indicated in the figure. If both voltages are correct but incorrect or missing in step 
|, the cable assembly is defective. 





3. If either voltage at the rear panel connector is still incorrect, make sure all posts 
on the rear panel connector have wires connected to them. Make sure the wires are con- 
nected to the 12 Vdc Power Adapter Option (see Section VIII, paragraph 5-8-73 to verify 
proper wiring). It may be necessary to remove the four screws securing the option and 
lifting out the option to verify proper connection. If the wires appear to be connected 
properly, go the Section VIII in this chapter for troubleshooting. 
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Figure 5-4-3. Disc Drive and Printer Power Supply Connections 


m. If all voltages check good on the power supply cable, the 12 Vdc Power Adapter Op- 
tion can be assumed to be operational. 


n. To reassemble the case, do the following: 
I. Refer to Figure 5-4-4 and make sure the plastic spacers are in place. 


2. Align the top cover and lower it into place. Be sure the guiding grooves are properly 
engaging the front and rear panels. If the grooves are properly engaged but the top 
cover will not lower into place, one or more of the six plastic spacers is probably out 
of alignment. To correct this, move the top cover back and forth (left and right) until 
the spacers align properly. 


3. Once the top cover is in place, hold the two case halves together and turn the 
instrument upside down. Tighten the six bottom screws. 
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Figure 5-4-4. Plastic Spacer Placement 
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SECTION V 
ADJUSTMENTS 


5-5-1. This section normally contains adjustment procedures. Since the 12 Vde Power Adapte 
Option has no adjustments, no adjustment information in this section. 


SECTION VI 
REPLACEABLE PARTS 





5-6-1. This section normally contains information for ordering replaceable parts. However, 
the replaceable parts for the 12 Vde Power Adapter Option are included in Chapter | (Main- 
frame Service Information), Section VI of the manual. 
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SECTION VII 
MANUAL CHANGES 


5-7-1. INTRODUCTION 


5-7-2. This section has information to adapt this manual to older 12 V Battery Options pur- 
chased as Option 212. This section also applies to battery options or 12 VDC Power Adapter 
Option that have no ERC (Engineering Revision Codes) number or a number lower than 
shown on the title page. 


5-7-3. Engineering Revision Code (ERC) 


5-7-4. The engineering revision code (ERC) is changed whenever a change is made to an 
assembly. The change could be a printed circuit board revision, a component value change, 
added or deleted component, a component part number change, or a revised test and assembly 
procedure. The ERC label is the only one on the printed circuit board that has a four digit 
number. ERCs were implemented on this instrument with the introduction of the 03421-66511] 
motherboard. The first ERC was 2334. Refer to Chapter 1 (Mainframe Service Information), 
Section I for more information on ERC numbers. 


5-7-5. CHAPTER CHANGES 


5-7-6. Most changes in this section apply to the schematics and component locators in 
Section VIII, and to the parts list (Table 1-6-7) in Chapter 1, Section VI of the manual, If 
there is only a minor change, like a component value change or a minor circuit change, modify 
the appropriate schematic and Table 1-6-7 presently in the manual. If a major change to 
a schematic is made, refer to the schematic and component locator in this section of the chapter, 
instead of Section VIII. 


5-7-7. If the ERC number of your option is different than listed on the title page, do the 
changes in this section. If the ERC number is larger than listed on the title page, refer to 
the supplied MANUAL CHANGES supplement for updating information. Also, if a 
MANUAL CHANGES supplement is supplied, make all indicated ERRATA changes to cor- 
rect any errors in this chapter. 


CHANGE 1 


Description 


This changes the peripheral power supply circuitry to the one used in Option 212. The cir- 
cuitry is replaced by two regulators instead of the circuitry presently used in Option 214. 


The Option 212 circuitry is designed to operate with the HP-41C/CV 
or HP-75C Handheld Computer, HP-82161A Cassette Drive, and 
HP-82162A Thermal Printer. Do not use the option with other than 
the recommended peripheral devices or damage to the devices may 
result. 


Manual Changes HP 3421A 


Change the peripheral power supply circuitry to the one shown in Figure 5-7-1. 
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Figure 5-7-1. Peripheral Power Supply Changes on the Schematic 
Component Locator Changes 


Use the component locator in Figure 5-7-2 instead of the locator in Figure 5-8-12. 
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Figure 5-7-2. Component Locator for Option 212 Assemblies 
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Manual Changes 


Table 1-6-7 (Repiaceable Parts) Changes 


Do the changes to Table 1-6-7 as shown in Table 5-7-1. 


| Designation | 


Change: | 
A3 

} C813 
CR80B8 
R817 
Delete 
CB2? 


Table 5-7-1. Changes to Table 1-6-7 (Change 1) 


03421-66503 | 7 
0160-4822 
1901-0050 
0757-0449 




















Mfr 


Description Mfr Part Number 















03421-66503 
0160-4822 
1901-0050 
| C4-1/8-TO-2002-F 


1 12 VOC BATTERY OPTION BOARD (ERC 2332) 
CAPACITOR-FXD 1000PF + —5% 100VDC CER 
DIODE-SWITCHING BOV 200MA 2NS DO-35 
RESISTOR 20K 1% .125W F TC=0+ —100 










































CAPACITOR-FXD 4.7UF + 




















































































































0180-0309 | 4 -~20% 1O0VDC TA 150D475X0010A2 | 
0180-0309 | 4 CAPACITOR-FXD 4.7UF + - 20% 10VDC TA | 150D475X0010A2 
1902-3054 5 DIODE-ZENER 3.65V + - 5% | 1902-3054 
1901-0050 3 | DIODE-SWITCHING 8O0V 200MA 2NS DO-35 1901-0050 
1902-3054 5 DIODE-ZENER 3.65V + —5% 1902-3054 
1901-0050 3: | | DIODE-SWITCHING 80V 200MA 2NS DO-35 1901-0050 
1853-0409 | 3 TRANSISTOR PNP SI DARL TO-220AB PD =60W | 1853-0409 
1854-0071 7 TRANSISTOR NPN SI PD = 300MW FT = 200MHZ | 1854-0071 
1853-0409 a TRANSISTOR PNP SI DARL TO-220AB PD = 60W 1853-0409 

| 1854-0071 7 | TRANSISTOR NPN SI PD = 300MW FT = 200MHZ 1854-0071 
0757-0449 | 9 RESISTOR 20K 1% .125W F TC= + -—100 C4-1/8-TO-2002-F 
0698-4472 7 RESISTOR 7.68K 1% .125W F TC=0+ — 100 C4-1/8-TO-7681-F 
0757-0465 6 RESISTOR 100K 1% .125W F TC=0+ —100 | C4-1/8-TO-1003-F 
0698-8177 rl RESISTOR 1.5 5% .25W 0698-8177 
0698-4472 | 7 | RESISTOR 7.68K 1% .125W F TC=0+ — 100 C4-1/8-TO-7681-F 
0757-0465 | 6 | RESISTOR 100K 1% .125W F TC=0+ —100 | C4-1/8-TO-1003-F 
0698-6963 5 RESISTOR 5.55K 1% .125W F TC=0+ — 100 C4-1/8-TO-5551-F 
0698-6320 8 | RESISTOR 5K 1% .125W F TC=0+ — 100 C4-1/8-TO-5001-F 
0757-0449 9 | RESISTOR 20K 1% .125W F TC=0+ - 100 C4-1/8-TO-2002-F 
0698-4472 | 7 | | RESISTOR 7.68K 1% .125W F TC=0+ — 100 | C4-1/8-TO-7681-F 
0757-0465 | 6 | RESISTOR 100K 1% .125W F TC=0+ — 100 | C4-1/8-TO-1003-F 
0698-8177 | RESISTOR 1.5 5% .25W 0698-8177 
0698-4472 7 | | RESISTOR 7.68K 1% .125W F TC=0+ — 100 C4-1/8-TO-7681-F 
0757-0465 6 | | RESISTOR 100K 1% .125W F TC=0+ —100 C4-1/8-TO-1003-F 
0698-6963 5 | RESISTOR 5.55K 1% .125W F TC=0+ — 100 | C4-1/8-TO-5551-F 
0698-6320 | 8 | RESISTOR 5K 1% .125W F TC=0+ — 100 | C4-1/8-TO-5001-F 


































































0160-4571 | 8 | CAPACITOR-FXD .1UF +80- 20% 50VDC CER | 0160-4571 
0160-4571 | 8 CAPACITOR-FXD .1UF +80- 20% 50VDC CER | 0160-4571 
0160-4571 | 8 CAPACITOR-FXD .1UF +80-—20% S5OVDC CER | 0160-4571 
0160-4571 8 CAPACITOR-FXD .1UF +80- 20% 50VDC CER 0160-4571 
0811-3143 g RESISTOR 10 1% 3W PW TC=0+ -—20 0811-3143 
0811-3143 9 | | RESISTOR 10 1% 3W PW TC=0+ —20 | 0811-3143 
1826-1092 5 | | IC-VR SEL 7885C 1826-1092 
| 5 


1826-1092 IC-VR SEL 7885C 1826-1092 
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SECTION VIII 
. SERVICE 


The information in this manual is to be used by quaitfied service 
trained individuals only. To avoid personal injury, do not perform 
any procedures in this manual, or perform any servicing of the in- 
strument or its options, unless you are trained in electronic circuitry 
and understand the hazards involved. 


The HP 342/A uses latching relays on the Multiplexer/Actuator 
Option (020, 021, or 022) and on the mainframe. The state of these 
relays can only be altered under program control. This is an ad- 
vantage in the sense that, under most conditions of failure, the relays 
will remain in whatever state your program has set them. However, 
in case of power or equipment failure, any application requiring 
a failsafe method of insuring that circuits under control are in a 
known state must be provided by the installer. 


If a Multiplexer/Actuator Assembly is installed in the HP 3421A, 
dependent on the configuration, any voltage connected to the 
assembly may also appear on the Model 3421A’s front panel ter- 
minals. Make sure you do not touch the terminals if any high voltage 
is connected to the assembly, or personal injury can result. 





5-8-1. INTRODUCTION 


5-8-2. This section contains the theory of operation and repair information for the 12 Vde 
Power Adapter Option. 


5-8-3. THEORY OF OPERATION 

5-8-4. The theory of operation consists of block diagram and schematic diagram descripuons. 
5-8-5. Block Diagram Description 

5-8-6, Refer to the block diagram of Figure 5-8-11 for the following discussion. 


5-8-7. This option is designed to operate from an external power source that can supply 
voltages between 11.5 Vdc and 15.3 Vdc. The external source voltage is used to generate 
the battery charge voltage for the HP-71B Handheld Computer (9.5 Vdc to 10.5 Vdc), the 
HP 9114B Disk Drive and the HP 2225B ThinkJet Personal Printer (9.9 Vdc to 10.5 Vdc). 
The external source voltage also develops HBATT (10.5 Vdc to 14.8 Vdc) which is used as 
the on-board power supply for various circuitry in the option. 
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5-8-8. The 10 Vde - 14 Vde generated by this option power for the HP 3421A maintrame. 
It is generated by a switching regulator type supply and is made up of the following blocks: w 





Switching Frequency Control 
Output Drivers 

Output Transformer 

Output Rectifier and Filter 
Output Feedback 

External Low Voltage Detect 
Current Limit 


5-8-9. Switching Frequency Control. This circuitry serves as the oscillator for the switching 
power supply. It outputs two sets of pulses. The width of the positive postion of these pulses 
determines the magnitude of the output voltage. That is, the output voltage increases as the 
positive pulse widths increase; the output voltage decreases as the positive pulse widths decrease. 


5-8-10. Output Drives. The output drivers consists of two transistors that are configured 
as a push-pull amplifier. These two transistors accept the two sets of pulses from the 
switching frequency control and alternately drive the output transformer. 


5-8-11. Output Transformer. This stage transformer couples the output of the driver stage 
to the output rectifier and filter. This stage also isolates the ground references between the 
12 Vdc Power Adapter Option and the HP 3421A mainframe. 


5-8-12. Output Recifier and Filter. This circuitry rectifies and filters the signal received from 
secondary of the output transformer. The resulting dc voltage (10 Vdc to 14 Vdc) is routed 
to the HP 3421A mainframe. For this voltage to be between 10 Vde and 14 Vdc, the 12 Vdc 
Power Adapter Option connections to the HP 3421A motherboard must be in place. These 
connections place the output voltage across the 1100 nF motherboard capacitor (C700) which, 
along with the load provided by the HP 3421A, are necessary to guarantee that the voltage 
will be within the 10 Vde and 14 Vdc range. 





5-8-13. Output Feedback. This circuitry monitors the voltage of the output stage. If the output 
voltage tends to go low, a signal is fed back to the switching frequency control circuitry which 
causes the period of the positive pulses to increase. This brings the output voltage back up 
to a normal level. If the output voltage tends to go high, the feedback signal decreases the 
positive period of the pulses, thereby lowering the output voltage. 


5-8-14. External Low Voltage Detect. This circuitry is used to turn off the output pulses 
of the switching frequency control which the external source voltage is too low. If these pulses 
are turned off, the output voltage drops to 0 V. 


5-8-15. Current Limit. This circuitry monitors the output of each cycle of the driver stage. 
If the output of the driver stage is excessive, it will turn off the pulse for the next cycle, 
thereby limiting the current. If an excessive load is placed across the output (e.g., a short), 
this circuitry will turn off the output pulses of the switching frequency control, which in 
turn will lower the output voltage to 0 V. 
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5-8-16. Schematic Diagram Description 





§-8-17. Refer to Figure 5-8-12 for the description of the following circuitry. 


Input Circuitry 

Crowbar 

Disc Drive and Printer Supplies 
HP-71B Supplies 

Switching Frequency Control 
Output Drivers 

Output Rectifier and Filter 
Output Feedback 

Current Limit 

External Low Voltage Detect 


5-8-18. Input Circuitry. This circuitry consists of the rear panel connector for the external 
voltage source, balun coil L802, fuse F801, transorb VR801, and diode CR801. In addition 
to providing a connection path to the external voltage source, it also serves as an input 
protection circuit, and operates in conjunction with the crowbar circuit. 


§-8-19. The L802 balun coil provides suppression of radio frequency interference (RFI). 
Transorb VR801 is bipolar and is used to clamp noise spikes from the external source. CR801 
is a pass diode which allows the external voltage source to power the 12 Vdc Power Adapter 
Option, but will not allow current to flow back to the external source. Fuse F801 works in 
conjunction with the crowbar circuit, which is explained in the next paragraph. 





5-8-20. Crowbar. This circuitry will open the path to the external voltage source if the 
external voltage is too high, or when VR801 fails to suppress certain repetitive noise spikes. 
This is done by turning on CR803, which effectively places a short across the input terminals 
and causes F801 to blow. 


§-8-21. Zener diode CR802 sets the threshold voltage to turn on CR803. CR803 will turn 
on when the external source voltage is somewhere between 16.01 Vde and 16.86 Vdc. 


5-8-22. In addition to the protection for high external dc voltages, there is protection for 
excessive noise spikes that do not get clamped by VR801, such as those generated by a defec- 
tive automobile alternator. Resistor R805 and capacitor C801 set a time constant which will 
cause certain repetitive noise spikes to turn on CR803. As previously explained, when CR803 
turns on fuse F801 will blow. 


§-8-23. HBATT is the external source voltage minus the drop across CR801]. It is used to 
generate the battery charging voltages for the HP 9114B Disc Drive, HP 2225B Think Jet- 
Printer, and HP-71B computer. HBATT is also used to power various circuitry in the power 
adapter option. 
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9-8-24. Disc Drive and Printer Charger Power Supplies. Since both of these supplies are 
the same, only one supply is explained. The supplies generate a voltage between 10.5 Vdc @ 
and 11 Vdc. Typically, the voltages are about 10.75 Vde (no load), but can vary dependent 

on the external source and reference voltage. If the output voltage goes low (ie, a load is 

applied to the output), the output of U806b (U806d) attempts to go high and turns on Q805 

(Q807) harder. This turns on darlington pair Q804 (Q806) harder and increases the output 

current. The power supply currents are limited by U806a (U806c) and R837 (R845). When 

the current is too large (>500 mA), the resultant voltage drop across R837 (R845) then sets 

the output of U806a (U806c) low. The low then turns off Q805 (Q807) which turns off the 

Q804 (Q806) darlington pair. 





5-8-25. HP-71B Battery Charger Power Supply. This power supply generates 10 Vdc (+.5 V). 
If this voltage goes too low, the output of U802d goes low. This provides more base drive 
to Q803 increasing the current to the load. 


5-8-26. CR808 and CR809 provide short circuit current protection. If a short appears across 
the output of this supply, these diodes will limit the current to about 50 mA. 


5-8-27. Switching Frequency Control. This stage generates two sets of pulses which serve 
as the oscillator for the switching power supply. These pulses are generated at U801 pin 1] 
(OUT A) and U801 pin 14 (OUT B). The two sets of pulses are 180° out of phase. The width 
of the positive portion of the pulses determines the magnitude of the output voltage. If the 
period of the positive portion increases, the output voltage increases; if the period decreases 
the output voltage decreases. 





5-8-28. At turn on, U801 pin 8 (SOFTSTART) is low. This keeps the output pulses of U801 
turned off. When C805 charges, the output pulses are turned on. The current limit and 
external low voltage detect circuitry, which also connects to the SOFTSTART input, is 
explained in paragraphs 5-8-40 and 5-8-44, respectively. 


5-8-29. Capacitor C802 and resistor R806 connect between U801 pins 5 and 6 (RT and CT), 
These two inputs set the charge time of the output pulses. R807 sets the idle time between 
charge states. 


5-8-30. U801 pin 1 (— IN) is used to control the output voltage via the U803 feedback loop. 
If the output voltage tends to go low, the low is sensed at the —IN input which causes the 
positive pulse width of the output pulses to increase. Similarly, if the output voltage tends 
to go high, this input will cause the positive pulse width of the output pulses to decrease. 


5-8-31. C806 is connected between U801 pin 9 (COMP) and ground. This capacitor Is re- 
quired to control the open loop gain of an internal error amplifier which helps regulate the 
pulse width of the output pulses. 


5-8-32. U801 pin 10 (SHUTDOWN) is an active high input which will turn off the output 
pulses. This pin is connected to ground so that the outputs are never turned off via this input. 


5-8-33. C807 and C808 improve the switching speed of the output drivers. R810 and R8! l, 
along with R808, set the value of the base current for the Q801 and Q802 drivers. 
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§-8-34. Output Drivers. This circuitry consists of Q801, Q802, and the primary of T801. 

Co The output pulses from the switching frequency control circuit are routed to the bases of 
Q801 and Q802. These transistors alternately drive the primary of T801. The feedback path 
for the current limit circuitry is explained in paragraph 5-8-39. 


5-8-35. Output Rectifier and Filter. This circuitry is a full wave rectifier and filter stage. 
It is important to note that the ground reference for this circuitry is mainframe ground. This 
means that when using a test instrument to check this circuitry, the test Instrument must 
be referenced to mainframe ground. Do not reference the test instrument to ground on the 
12 Vdc Power Adapter Option. Although mainframe ground is accessible on the 12 Vde Power 
Adapter Option at J808, it is more conveniently accessed at the GND test point on the 
motherboard. 


5-8-36. The transformer coupled signals from the driver stage are rectified by CR804 and 
CR805, and filtered by L801 and C812. The output voltage may not be within the specified 
limits (10 Vdc - 14 Vdc) unless the output is connected across the 1100 »F mainframe capacitor 
(C700). 


5-8-37. The RC network consisting of R820/C809 and R821/C810 provides damping to 
suppress ringing that might occur on the secondary of the transformer. 


5-8-38. CR806 and R822 are used to monitor the output voltage for the output feedback 
loop (see paragraph 5-8-39). 


§-8-39. Output Feedback. This circuitry helps regulate the output voltage by providing a 
voltage feedback path to U801 pin 1 (—IN) via the U803 optoisolator. If the output voltage 
tends to go low, the diode between U803 pin 2 and 3 conducts less. This reduces the base 
drive to the optoisolator transistor, thereby reducing the voltage at U803 pin 5. This lower 
voltage is sensed at U801 pin 1, which causes the period of the positive portion of the output 
pulses to increaase. This raises the output voltage back to a normal value. If the output voltage 
tends to go high, the optoisolator diode conducts more. This provides more base drive to 
the optoisolator transistor, thereby increasing the voltage at U803 pin 5. This higher voltage 
is sensed at U801 pin 1 which causes the period of the positive portion of the output pulses 
to decrease, whcih in turn lower the output voltage. 





5-8-40. Current Limit. This circuitry monitors the voltage at the emitters of driver transistors 
Q801 and Q802 for each cycle. A cycle is defined as the on time for one of the driver 
transistors (either Q801 or Q802). 


§-8-41. During normal operation, the emitters of Q801 or Q802 never reach a voltage that 
is high enough to cause the output of either the U802B or U802C comparators to go low. 
Thus, the SOFTSTART input to U801 is held high and will not interfere with normal circuit 
operation. 


5-8-42. When excessive current is drawn, the voltage on the emitter of either Q801 or Q802 
will increase to the point where the output of either U802B or U802C will go low (the one 
that goes low will depend upon the cycle). This low is sensed by U801 pin 8 (SOFTSTART) 
which turns off the base drive for that transistor. When the base drive is removed, transformer 
T801 is not pulsed, thereby reducing the current to the load. Also, when the base drive to 
the transistor is turned off, the U802 comparator output again goes high to release the 
SOFTSTART line. U801 then resets and attempts to start up again. If the excessive load 
is still across the output, the shut-down occurs again. 
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5-83-43. €S14/R826 and C813/R825 provide noise filtering to prevent a false trigger of the 
U802 comparators. 





5-8-44. External Low Voltage Detect. This circuitry is used to turn off the output voltage 
of the switching power supply when the external source voltage is too low. HBATT, which 
is generated from the external voltage source, is monitored by U802a via a voltage divider 
network consisting of R814 and R815. If HBATT is low, the output of U802a will go low. 
This pulls the SOFTSTART input of U801 low which turns off the U801 output pulses. It 
should be noted that this circuitry will not shut down the other power supply outputs when 
a low external source voltage is detected. It only turns off the switching power supply, which 
is the supply that draws the most current. 


5-8-45. TROUBLESHOOTING 
5-8-46. The troubleshooting information is divided into functional areas as follows: 


Recommended Equipment - paragraph 5-8-49 

Pre-Troubleshooting Checks - paragraph 5-8-3] 

Troubleshooting Setup - paragraph 5-8-53 

HBATT and VREF Voltage Checks - paragraph 3-8-54 

HP-71B Computer Charger Supply Troubleshooting - paragraph 5-8-58 

HP 9114B Disc Drive and HP 2225B ThinkJet Printer Charger Supply 
Troubleshooting - paragraph 5-8-60 

Switching Power Supply Troubleshooting - paragraph 5-8-62 

Reassembly - paragraph 5-8-72 





5-8-47. Before troubleshooting the 12 Vde Power Adapter Option, it is recommended that 
you familiarize yourself with the circuitry by reading the theory of operation. Additionally, 
always perform the pre-troubleshooting checks to make sure the problem is not an open fuse, 
or something external that would adversely affect the circuit operation. Also, always check 
HBATT and VREF before attempting to troubleshoot any of the supplies. 


5-8-48. These procedures assume a high level of technical expertise on the part of the 
troubleshooter. That is, they will not necessarily guide you to every possible component failure. 
Instead, they provide you with circuit voltages and waveforms that should appear at various 
circuit locations when the option is operating properly. It is the troubleshooter that must 
determine the defective component. 


5-8-49. Recommended Equipment 


5-8-50. The following equipment is recommended to troubleshoot the 12 Vde Power Adapter 
Option: 

12 V External Voltage Source 

Digital Voltmeter (like the HP 3468) 

Oscilloscope (like the HP 1740A) 


5-8-51. Pre-Troubleshooting Checks 
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5-8-52. Before troubleshooting the 12 Vde Power Adapter Option circuitry, perform these 


e checks: 


a. Make sure the 2.5 A fuse located in the positive lead at the 12 V source is good. 
b. Make sure the 2.5 A rear panel fuse is good. 


c. Check the 12 V source for the proper voltage (11.5 Vdc - 15.3 Vdc). If this voltage 
is below 12 Vdc, the HP 3421A will probably not power up. 


d. Make sure the 12 V source has good load regulation. If the external voltage drops below 
12 V when it is connected to the rear panel connector, the switching power supply will 
probably not start up. This is true even if the voltage dropout is momentary. 


e. Make sure the internal HP 3421A main battery is connected to the motherboard and 
that the main battery fuse (F700) is good. If the internal battery is disconnected, the switching 
power supply may not start up. 


f. Make sure the cables going to the 12 V source, as well as the connections at the 12 V 
source, are good. 


5-8-53. Troubleshooting Setup 


5-8-54. To access the 12 Vdc Power Adapter Option Board, the HP 3421A’s top cover and 
any option occupying slot 2 need to be removed. It is also recommended that the terminal 
block edge connectors for all installed options, if they have external connections, be remov- 
ed. Use the following procedure for the troubleshooting setup. 





a. Make sure the HP 3421A is turned off and ac power cord is disconnected from the 
instrument. Also make sure all external sources of power have been removed from the option 
terminal blocks. 


b. Turn the instrument upside down. This is preferably done on top of a protective mat 
to reduce the possibility of scratching or marring the instrument case. Use a static safe mat 
to prevent any buildup of static electricity. Refer to Figure 5-8-1 and loosen the six screws 
on the instrument bottom. 





Figure 5-8-1. Loosen Bottom Screws 
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¢. Hold the top cover in place and turn the instrument upright. Then remove the top cover. 





d. For all installed options that have external connections, remove the strain relief, grey 
“WARNING” safety cover, and terminal block edge connectors as follows: 


1. Remove the two screws holding the black strain relief bar. 
2. Loosen the two captive screw that hold the grey ““WARNING”’ safety cover. 


3. Loosen the two screws holding the terminal block to the option circuit board and 
then remove the terminal block. 


e. If there 1s no option installed in slot 2, no further disassembly is required. Go to step ]. 
if there is an option in slot 2, continue with the following steps. 


f. Make sure the black strain relief bar and grey ‘‘WARNING”’ safety cover are removed 
from the slot 2 option (see step d). 


g. Refer to Figure 5-8-2 and unplug the ribbon cable connector from the option in slot 2. 
Lift the connector straight up to avoid bending any pins. If the option is a Multiplexer/ Actuator 
Assembly, also unplug the 4-wire VM input cable. If the option is a Digitai 1/O or Bread- 
board Assembly, it will not have the 4-wire VM input cable. 
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Figure 5-8-2. Slot 2 Option Removal 


h. Locate and remove the four screws holding the option in place (see Figure 5-8-2). Then 
remove the option. 


i. Replace the four screws that hold the 12 Vde Power Adapter Option in place, as shown 
in Figure 5-8-3. This is recommended to avoid shorting any components. It does not, however, 
establish the ground reference for the pe board. Ground Reference 1s established by wire 


connections. 
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Figure 5-8-3. Securing the 12 Vdc Power Adapter Option 


j. This completes the troubleshooting setup. If it is necessary to remove the 12 Vde Power 
Adapter Option, remove the four screws holding it in place and lift the option out. If any 
wires are disconnected, refer to the reassembly procedure in paragraph 5-8-72 to determine 
the proper connection. 


5-8-55. HBATT and VREF Voltage Checks 


§-8-56. These voltages should always be checked betore troubleshooting any of the supplies. 
HBATT is the external source voltage minus the drop across CR801 (.5 Vdc, dependent on 
the load). HBATT is used in the external low voltage detect circuit, at the center tap of T801, 
and to power U801 and U802. The voltage is also used to generate the power supply voltage 
for the HP-71B computer, HP 9114B Disc Drive, and HP 2225B ThinkJet Printer. VREF 
is a reference voltage developed at U801 pin 6. It is used by the low voltage detect and cur- 
rent limit circuits, peripheral power supplies, and by the computer power supply. 


5-8-57. To check these voltages, do the following: 
a. Connect the external 12 V source to the rear panel connector. 


b. Connect the common lead of the digital voltmeter to the center terminal strip lug. [This 
terminal strip is located toward the left rear of the instrument (as viewed from the front), 
just in front of the external 12 V source connector. The center lug has a black wire and one 
lead of the L802 balun coil soldered to it. This will reference the test instrument to ground 
on the 12 Vdc Power Adapter Option. 
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The external source voltage is checked in the next step. This voltage 
can be between 11.5 Vdc and 15.3 Vdc. However, the switching 
power supply will not start up unless this voltage is 12 Vdc or greater. 
See paragraph 5-8-65 for an explanation. 


c. With the positive lead of the voltmeter, probe the terminal strip lug with the red wire 
soldered to it. At this location, you should read the external source voltage (11.5 Vdc - 
15.3 Vdc). If this voltage is correct, proceed with step d. If this voltage is non-existent, either 
the balun coil is open or there is a defective connection to the external source. 


d. Use the positive lead of the voltmeter and check HBATT at CR803 pin 2. An illustra- 
tion of the CR803 pin assignments is shown on the schematic. Remember, however, that 
you are looking at the bottom side of the pe board. A convenient location to probe CR803 
pin 2 is on the screw and nut that is used to mount the component. HBATT should be no 
more than .5 V lower that the external source voltage. For example, if the external source 
voltage is 12.5 Vdc, HBATT should be a minimum of 12 Vdc. If this voltage is OK, proceed 
with step e. If HBATT is non-existent, CR801 is probably open or F801 is blown. If F801 
keeps blowing, there is most likely a defective component in the crowbar circuit. 


e. Now check VREF at U801 pin 16 for 5.1 V (+ 1%). If this voltage is correct, but one 
of the power supplies is not operating properly, proceed to the troubleshooting procedures 
for the power supply that is bad. If VREF is incorrect but HBATT is OK, U801 is probably 
defective. 





5-8-58. HP-71B Charger Power Supply Troubleshooting 


5-8-59. The proper circuit voltages for this power supply are shown in Figure 5-8-4. These 
voltages should be measured when the supply’s output is 10 Vdc at no load. The voltages 
may vary slightly due to component variations. 
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Figure 5-8-4. HP-71B Battery Charger Power Supply Voltages 
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5-8-60. HP 9114B Disc Drive and HP 2225B Printer Charger Supply Troubleshooting 


5-8-61. The proper circuit voltages for these power supplies are shown in the simplified 
schematic in Figure 5-8-5. These voltages should be measured when the supply’s output is 
10.2 Vdc (+.3 V) at no load. The voltages may vary slightly due to component variations. 
Troubleshoot the circuitry by first determining the defective circuitry. Do this by lifting diode 
CR812 (CR814). If the power supply now operates, the current limiting circuitry is at fault. 
If the power supply is still inoperative, the power supply circuitry itself is at fault. 
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Figure 5-8-5. Disc Drive and Printer Power Supply Voltages 


5-8-62. Switching Power Supply Troubleshooting 


5-8-63. This power supply provides power to the HP 3421A mainframe, and 1s divided into 
the following functional blocks. 


Switching Frequency Control 

Output Drivers 

Output Rectifier and Filter 

Output Feedback 

External Low Voltage Detect and Current Limit 


5-8-64. One important consideration when checking this circuitry is to make sure you are 
using the proper ground reference. Most circuitry is referenced to ground on the 12 Vde Power 
Adapter Option (see paragraph 5-8-57, step b). However, the output rectifier plus U803 pins 
2 and 3, are referenced to the HP 3421A mainframe ground. Make sure your test instrument 
is referenced to the proper ground. 
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Figure 5-8-6. Switching Frequency Control] Voltages and Waveforms 
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§-8-65. Before assuming the switching power supply is failing, the implications of the input 

* voltage specifications (11.5 Vdc to 15.3 Vdc) and input hysteresis specifications (11 Vdc 
dropout, 12 Vdc startup) should be understood. Collectively, these two specifications imply 
that the switching power supply will not start unless the external voltage is 12 Vdc or greater. 
Once it starts, it will continue to operate until the external drops to 11 Vde (+.2 Vdc). In 
addition, do not expect this supply to start even if the external voltage source has poor load 
regulation. For example, if the external voltage source has a no load voltage of 12.5 Vdc, 
but drops below 12 Vdc when plugged into the HP 3421A, the switching supply will pro- 
bably not start. This is true even if the voltage dropout is momentary. When the external 
voltage source drops below 11.5 Vdc, the HP 9114B Disc Drive and HP 2225B ThinkJet 
Printer Charger Supplies will not provide enough voltage to keep the batteries charged for 
these peripheral devices. 


5-8-66. Jumpers (JM801 - JM805) are not recommended for use as troubleshooting aids. 
These jumpers were used during the design stage and for production test purposes. If these 
jumpers are removed for troubleshooting, output regulation will also be removed. This could 
cause additional circuit damage (most likely to the output driver transistors), especially if the 
switching power supply output has a low impedance path across it. 


5-8-67. Switching Frequency Control. The voltages and waveforms for this circuitry are shown 
in Figure 5-8-6. to check these, reference your test instrument to 12 Vdc Power Adapter Option 
ground (see paragraph 5-8-57 step b for the location of this ground). These values are ap- 
proximate and were obtained with a switching power supply output voltage of 10.8 Vde and 
with the HP 3421A front panel switch on. 


5-8-68. Output Drivers. The circuit voltages and waveforms for this stage are shown in Figure 
5-8-7. 
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Figure 5-8-7. Output Driver Voltages and Waveforms 
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5-8-6069. Output Rectifier and Filter. The circuit voltages and waveforms for this circuitry 
are shown in Figure 5-8-8, and were obtained with the HP 3421A front panel switch on. 
Remember to reference your text instrument to HP 3421A mainframe ground. 





5-8-70. Output Feedback. The circuit voltages for this circuitry are shown in Figure 5-8-9, 
and were obtained with the HP 3421A front panel switch on. The ground reference for U803 
pins 2 and 3 is mainframe ground; the ground reference for all other circuit locations is the 
12 Vde Power Adapter Option ground. 
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Figure 5-8-8. Output Rectifier and Filter 
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Figure 5-8-3. Output Feedback Voltages 
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Figure 5-8-10. External Low Voltage Detect & Current Limit Voltages and Waveforms 


5-8-71. External Low Voltage Detect and Current Limit. The voltages and waveforms for 
these two circuits are shown in Figure 5-8-10. Notice that the positive spikes appearing at 
U802 pins 6 and 8 exceed the .3 Vdc threshold of U802B and U802C. However, these spikes 
are too fast for the comparators to respond. Hence, the outputs of U802B and U802C re- 
main high and do not cause a current limit condition. It is the period between the positive 
going spikes that, when they reach a level exceeding the .3 V threshold, will limit the current. 


5-8-72. Reassembly 
5-8-73. Perform the following procedure to reassemble the instrument. 


a. Ensure that the various wires of the 12 Vdc Power Adapter Option are connected as 
follows: 


Black wire between J808 on option and TP713 on motherboard 
Red wire between J807 on option and TP700 on motherboard 


® Black wire between J802 on option and the terminal strip mounted inside rear panel 
(the black wire is soldered to the terminal strip) 
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Red wire between J8O1 on option and the terminal strip mounted inside rear panel 
{the red wire is soldered to the terminal strip) 


Black wire between J806 on option and rear panel connector pin | 
Yellow wire between J804 on option and rear panel connector pin 2 
Grey wire between J803 on option and rear panel connector pin 3 
Blue wire between J805 on option and rear panel connector pin 4 


b. Place the 12 Vdc Power Adapter Option pc board on top of the bottom shield with 
the component side down. 


c. If no option is to occupy slot 2, secure the 12 Vde Power Adapter Option with the four 
screws and proceed with step d. If an option is to occupy slot 2, do the following: 


1. Set the slot 2 option in place with the component side up. Then loosely screw in the 
four long screws. Do not tighten the four screws at this time. 


2. Plug the appropriate terminal block edge connector onto the option in slot 2. 


3. Replace the rear panel “‘WARNING’” safety cover for slot 2. Align the slot 2 option 
assembly so that the terminal clock edge connector lines up with the two holes in the 
safety cover and screw on the black strain relief bar. Do not overtighten these screws. 


4. Tighten the four screws to secure the slot 2 and 12 Vdc Power Adapter Option 
assemblies to the mainframe. 


5. Using a short cliplead jumper, connect one end of the cliplead to ground. Use the 
other end to short out each pin of the 14-pin connector on the option in slot 2. Then 
plug the ribbon cable into the option. Make sure the red stripe on the cable is oriented 
to the right (i.e., pin 7 of the connector). If the option in slot 2 is a Multiplexer/Ac- 
tuator Assembly, connect the 4-wire VM cable onto the option. The 4-wire cable should 
be oriented per the label on the circuit board. On the motherboard, the 4-wire cable 
Should be plugged onto J120 with the wires oriented as noted on the motherboard. 


6. Proceed with step d. 
d. Locate the six plastic spacers and place them over the cabinet screws. 


e. Set the instrument flat on your workbench with the bail handles on the front feet 
collapsed. Align the top cover and lower it into place. Be sure the guiding grooves are 
properly engaging the front and rear panels. If the grooves are properly engaged but the 
top cover will not lower into place, one or more of the six plastic spacers is probably misaligned. 
To correct this, move the top cover back and forth (left and right) until the spacers align 
properly. 


f. Once the top cover is in place, hold the two case halves together and turn the instrument 
upside down. 


g. Tighten the six bottom screws. 
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Figure 5-8-11. 12 Volt Power Adapter Option Block Diagram 
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APPENDIX A 
Hewlett-Packard Interface Loop (HP-IL) 


A-1. INTRODUCTION 


A-2, The Hewlett-Packard Interface Loop (HP-IL) is a two wire interface that permits 
communication between devices. All devices are connected around the loop in a serial 
manner (i.e., one device after another). Information travels around the loop from one device 
to the next in a bit serial format. The following discussion is controller independent but, 
where appropriate, is HP 3421A dependent. 


A-3. General HP-IL Description 


A-4. The HP-IL usually consists of a system controller and as many as thirty peripheral 
devices. Messages travel around the loop from one device to the next. When a device receives 
a message that is not intended for it, it passes the message on to the next device. When the 
message reaches the intended device, the device responds to the message, and also passes 
the message on. This permits messages to be sent to, and received from, selected devices 
in the loop, with built-in error checking capability. 


A-5. To maintain noise immunity, the maximum cable length between devices should not 
exceed ten metres. 


A-6. HP-IL System Terms 
A-7. The following terms and concepts are used to describe HP-IL system operations. 
a. Address. Each device in the loop is automatically assigned an address by the system 
controller at power on. The controller uses the addresses to specify which device in the loop 
will source messages and which device(s) in the loop will receive messages. 
b. Byte. A byte is a unit of information consisting of eight binary digits (bits). 


c. Device. Any instrument or unit that is HP-IL compatible is called a device. 


d. Device Dependent. This type of information causes a device to perform some action. 
The action can be characteristic of the device, and will probably vary from device to device. 


e. Frame. Messages are sent through the loop as a sequence of eleven bits called a message 
‘frame’. 


f. Polling. Polling is a process typically used by a controller to locate a device that has 
requested service from the controller. There are two types of polling, serial poll and parallel 
poll. 


!. Serial Poll, When the controller executes a serial poll, the addressed device returns 
it’s status byte. The status byte will note the device’s status and whether or not it 
requested service. Typically, if the device did request service, the status byte will also 
note why it requested service. 
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2. Parailei Poil, This method obtains a status bit from as many as eight devices in the 
loop. The HP 3421A does not respond to a parallel poll. 





A-8. Functional Overview 


A-9. Each device in the loop may possess one or more of three basic device capabilities: 
controller, talker, or listener. There may be several devices in the loop that are capable of 
assuming controller status, but there can only be one active controller at any given time. 
Furthermore, there can only be one system controller. The system controller is in charge 
at power-on. Protocol exists within HP-IL to allow the system controller to pass control 
to other devices in the loop. The HP-85 Computer is an example of a device that can assume 
controller status, assuming it is equipped with the proper interface module. The HP 3421A 
cannot assume controller status. 


A-10. Talker devices can source data (but not commands) to other devices in the loop. A 
talker sources data only when commanded to do so by the controller, and therefore must 
also have listen capabilities so it can configure itself as a talker. There are some instances 
where the loop may not have a controller. It may consist of one ‘‘talk only’’ device and another 
‘‘listen only’’ device. An example of this would be a voltmeter that sends measurement results 
to a printer. The HP 3421A has talker capabilities. 


A-11. Listeners are devices with the capability to receive and process messages. Some devices 
have ‘‘listen only’? capability, which means they are not capable of ‘‘sourcing’’ messages. 
Sourcing, however, should not be confused with ‘‘passing’’ messages. For example, if a device 
is a “‘listen only’”’ device, it is capable of passing a message on to another device, even though 
it does not have talker capability. The difference is that ‘‘listen only’’ devices pass messages 
as opposed to generating (or sourcing) messages. The HP 3421A has listen capability. 





A-12. Addressing 


A-13. Each device in the loop is assigned an address at system controller power on. The 
assigned address will probably be different than the factory preset address of a device. The 
HP 3421A, for example, has a factory preset address of ‘‘09”’. If the HP 3421A is the only 
device in the loop with the controller, it will be assigned an address of ‘‘01’’. The address 
permits the controller to specify a particular device in the loop when sending commands. 
Addresses are assigned to devices sequentially around the loop in the direction of informa- 
tion flow, The first device after the controller is assigned address ‘‘01’’, the second device 
is assigned address ‘‘02’’, etc.. 


A-14. Messages 


A-15. Messages sent through the loop consist of one or more |1-bit sequences. Each 11-bit 
sequence is called a message frame. Message frames are asynchronous, which means they 
are generated in a random manner. Because of the random generation, the first bit of each 
frame is a sync bit so that each device can recognize the beginning of a frame. The next two 
bits are control bits which classify the message frame as either a command, ready, or data. 
The last eight bits of the message frame contain the data. 
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A-16. Although a message may consist of more than one frame, only one frame Is in transit 
around the loop at any given time. In general, when a device sources a message frame, it 
waits until the message frame goes completely around the loop and returns before transmit- 
ting the next frame. This is part of the loop handshaking process which guarantees that talkers 
do not send messages faster than other devices can accept them. It also provides error check- 
ing capability. That is, if a message frame returns the same as it was sent, the sourcing device 
assumes that all devices received it correctly. 


A-17. HP 3421A Loop Capabilities 
A-18. Table A-1 lists the HP-IL functional capabilities implemented by the HP 3421A. 


Table A-1. HP-IL Functional Capabilities 


Receiver Handshake. 
Driver Handshake. 
Acceptor Handshake. 


Source Handshake. 


Send Data, Status, Unaddressed if MLA (My Listen Address}, Device ID, no Talk Only, Accessory ID. 


No Extended Talker {i.e., no two frame addressing). 

No Extended Listener (i.e., no two frame addressing). 

Basic Listener, Unaddressed if MTA (My Talk Address), no Listen Only 
No Controller. 

Basic Auto Address, Preset Address of O09 (no address switches). 

No Auto Extended Addressing. 

No Auto Multiple Address. 

Device Clear, Selective Device Clear. 

Device Trigger. 


Remote, Local Lockout are ignored since the HP 3421A has no front panel keys and can oniy be 
controlled via HP-IL. 


Basic Service Request and Asynchronous Service Request. 
No Parallel Poll. 
Loop Power Down. 


No Device Dependent Commands. 





No Manual Service Request. 
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Telex: 2298 ECKAME EL 
A 


Hospitalar §.A, 

Robles 625 

Casilla 3590 

QUITO 

Tet 545-250, 545-122 
Telex: 2485 HOSPTL Eb 
Cable, HOSPITAL AR-Quite 
M 


Ecuador Overseas Agencies C.A 
Calle 9 de Octubre #818 

P.O. Box 1296, Guayaquil 
QUITO 

Tel: 306022 

Telex: 3361 PBOGYE ED 

M 


EGYPT 

Sakrco Enterprises 
‘0, Mossadak Str 
Dokki, Giza 
CAIRO 

Tel 706440 

Telex: 93146 

C 


International Engineering Associates 
24 Hussein Hegazi Street 
Kasr-e-Ain 

CAIRO 

Tet: 23829, 21641 

Telex: 93830 IEA LIN 

Cable: INTEGASSO 

E,M* 


5.5.C. Medical 

40 Gezerat El Arab Street 
Mohandessin 

CAIRO 

Tel 803844, 805998, 810263 
Telex: 20503 SSC UN 

Me 


EL SALVADOR 
IPESA de El Salvador §.A4. 
29 Avenida Norte 1223 
SAN SALVADOR 

Tel: 26-6858, 26-6868 
Telex: 20539 IPESA SAL 
A,C,CM.E,P 


ETHIOPIA 
Seric-Ethiopia 
P.O. Box 2764 
ADDIS ABABA 
Tal: 185114 
Telex: 21150 
G,P 


FINLAND 
Hewlett-Packard Oy 
Piispankalliontie 17 
02200 ESPOO 

Tek 00358-0-B88721 

Telex: 121563 HEWPA SF 
A,C.CM,.E,M.P 


FRANCE 
Hewlett-Packard France 
Z.!. Mercure 6 

Rue Berthelot 

13763 Les Milles Cedex 
AIX-EN-PROVENCE 

Tel (42) 59-41-02 
Telex: 4107 70F 
A,C.E.M.P* 


Hewlett-Packard France 
64, rue Marchand Sailiann 
61000 ALENCON 

Tel: (33) 29 04 42 


Hewlett-Packard France 
26 rue de la Republique 
Boite Postale 503 

20026 BESANCON Cecex 
Tal: (81) 83-16-22 

Telex: 361157 

C.M 


Hewlett-Packard France 
Chemin des Mouilles 

Bolte Postale 162 

69130 ECULLY Cedex {Lyonj 
Tet: (78) 8393-81-25 

Telex: 3106 77F 

A.C.E.M 


Hewlett-Packard France 

Pare d'activités du Bois Brard 
2, avenue du Lac 

91040 EVAY Cedex 

Tel 6 077-96 60 

Telex: 6923 15F 

E 


Hewlett-Packard France 

3, avenue Raymond Chanas 
38320 EYBENS (Grenobie} 

Tat: (76) 62-57-98 

Telex: 980124 HP GRENOB EYBE 
G 


Hewlett-Packard France 
Rue Fernand. Forest 
ZA, Kergaradec 

29239 GOUESNOU 

Tel: (98) 41-87-90 


Hewlett-Packard France 
Centre d'affaires Paris-Nord 
Batiment Ampére 

Rue de la Commune de Paris 
Boite Postale 300 

92153 LE BLANC-MESWIL 
Tel: (1) 6865-44-52 

Telex: 211032F 

C.E.M 


Hewlett-Packard France 

Parc d'activités Cadera 

Quartier Jean-Mermoz 

Avenue du Président JF Kennedy 
F-33700 MERIGNAC (Bordeaux) 
Tel: (56) 34-00-84 

Talex: 550 105F 

C.E.M 


Hewlett-Packard France 
immueble “Les 3 8" 
Nouveau chemin de fa Garde 
ZAC du Bois Briand 

44085 NANTES Cedex 

Teal: (40) 50-32-22 

Telex: 771085F 

cr 


Hewlett-Packard France 

125, rue du Faubourg Bannier 
45000 ORLEANS 

Tet: (38) 68 01 63 

















FRANCE (Cont'd) 


Hewlett-Packard France 

Zone Industnelle de Courtaboeut 
Avenue des Tropiques 

91947 Les Ulis Cedex ORSAY 
Tet (6) 907-78-25 

Telex: 6OOO48F 

A.G,GM_E,M,P 


Hewlett-Packard France 

Paris Porte-Maillot 

15, boulevard de L' Amirai-Bruax 
‘5782 PARIS Cedex 16 

Tek: (1) 502-12-20 

Telex: 6139663F 

i, M,P 


Hewlett-Packard France 
124, Boulevard Tourasse 
64000 PAU 

Tel (59) 80 38 02 


Hewlett-Packard France 

2 Allée de la Bourgonnette 
25100 RENNES 

Tel (99) 51-42-44 

Telex: 7409 12F 
G,CM,E.M,P* 


Hewlett-Packard France 
98 avenue de Bretagne 
76100 ROVEN 

Tel: (35) 63-57-66 
Telex: 770035F 

C 


Hewlett-Packard France 

4. rue Thomas-Mann 

Boite Postale 56 

67033 STRASBOURG Cedea 
Tel; (88) 26-56-46 

Telex: 89014 1F 

C.E.M,P* 


Hewlett-Packard France 
La Péripole Ill 


20, chemin du Pigeonnier de ia Gépiére 


F-31083 TOULOUSE Cedex 
Tel: (61) 40-11-12 

Telex: 531639F 

A.C,E.P* 


Hewlet!-Packard France 
9, rue Baudin 

26000 VALENCE 

Tet: (75) 42 76 16 


Hewlett-Packard France 
Carolor 

ZAC de Bois Briand 
57640 VIGY (Metz) 

Tet: (8) 771 20 22 

G 


Hewlett-Packard France 

Parc d'activité des Prés 

1, rue Papin 

59658 VILLENEUVE D'ASCG Cedex 
Tet: (20) 47 78 78 

Telex: 160124F 

C.E.M,P* 


GABON 
Sho Gabon 
P.O. Box 89 
Tel: 721 484 
Telex: 5230 


GERMAN FEDERAL 
REPUBLIC 
Hewlett-Packard GmbH 
Geschattsstelie 
Keithstrasse 2-4 

D-1000 BERLIN 30 

Tel: (030) 21 99 04-0 
Telex: 018 3405 hpbin a 
A,C,E.M.P 


Hewlett-Packard GmbH 
Vertriebszentrun Siidwest 
Schickardstrasse 2 
D-7030 BOBLINGEN 

Tet (07031) 645-0 
Telex: 7265 743 hep 
A,C,GM.E.M,P 


Hewlett-Packard GmbH 
Verinebszentrum West 
Berliner Strasse Ill 
D-4030 RATINGEN 3 
Tet: (02102) 494-0 
Telex: 589 070 hprad 
A.C.EMP 


Hewlett-Packard GmbH 
Geschatisstelle 
Schleetstr. 2Ba 

D-4600 DORTMUND-4 1 
Tal: (0231) 45001 
Telex: 822858 hepdad 
A.C.E 


Hewlett-Packard GmbH 
Vertriebszentrum Mitte 
Hewlett-Packard-Strasse 
0-6380 BAD HOMBURG 
Tet: (06172) 400-0 
Telex: 410 844 hpbhg 
A,C.E.M.P 


Hewlett-Packard GmbH 
Vertnebszentrum Nord 
Kapstadtring 5 

D-2000 HAMBURG 60 

Tek: (040) 63804-1 

Telex: 021 63 032 hphh 2 
A,C,E,.M,P 


Hewlett-Packard GmbH 
Geschattsstelle 
Heidering 37-39 
D-3000 HANNOVER 61 
Tet (0511) 5706-0 
Telex: 092 3259 
A.C,CM.E,M,P 


Hewlett-Packard GmbH 
Geschattsstelle 
Rossiauer Weg 2-4 
D-6800 MANNHEIM 

Tel: (0621) 70 05-0 
Telex: 0462105 

A,C.E 


Hewlett-Packard GmbH 
Geschattsstelle 
Messerschmittstrasse 7 
D-7910 MEU ULM 

Tel: (0731) 70 73-0 

Telex: 0712816 HP ULM-D 
A,C.E* 


Hewlett-Packard GmbH 
Geschaftsstelie 
Emmericher Strasse 13 
D-8500 NURNBERG 10 
Tel: (0911) 5205-0 
Telex: 0623 860 hpnbg 
C,CM,E.M,P 


Mewleti-Packard GmbH 
Vertriebszentrum $0d 
Eschenstrasse 5 
[+8028 TAUFKIRCHEN 
Tel: (089) 61 20 7-0 
Telex: 05274985 
A.C.CM.E.M.P 


Hewlett-Packard GmbH 
Geschattsstelle 
Ermiisallee 

7517 WALDBRONN 2 
Tet: (07243) 602-0 
Telex: 782 838 hepk 
A.C.E 


GREAT BRITAIN 
See United Kingdom 


GREECE 

Hewlett-Packard A_E. 

178, Kifissias Avenue 

6th Floor 

Halandri- ATHENS 

Greece 

Tel: 6471543, 6471673, 64727971 
Telex: 221 286 HPHLGR 
A,C,CM"* EMP 


Kostas Karaynnis §.A. 

8, Orirou Street 

ATHENS 133 

Teal: 32 30 303, 32 37 371 
Telex: 215962 RKAR GA 
A,C* GMLE 


Impexin 
Intelect Div, 
209 Mesogion 
11525 ATHENS 
Tal: 6474481/2 
Telex: 216286 
P 


Hanl Company 

38, Minalakopoutou 
ATHENS 612 

Tel: 723607 1 
Telex: 218767 

MW" 


Hellameo 

P.O. Box 87526 
18507 PIRAEUS 
Tel: 4827049 
Telex: 241441 
A 


GUATEMALA 

IPESA 

Avenida Reforma 3-48, Zona $ 
GUATEMALA CITY 

Tel: 316627, 314786 

Telex: 3055765 IPESA GU 
A,(G.GM,E,M,P 


HONG KONG 
Hewlett-Packard Hong Kong, Lid 
G.P.0, Box 795 

oth Floor, Sun Hung Kai Centre 
30 Harbour Road 

HONG KONG 

Tel: $-8323211 

Telex: 66678 HEWPA HX 

Cable: HEWPACK Hong Kong 
E.c,P 


CET Ltd, 

10th Floor, Hua Asia Bidg. 
64-66 Gloulester Road 
HONG KONG 

Tel: (5) 200922 

Telex: 85148 CET HX 

CM 


Scnmaot & Go. (Hong Kong) Lic 
18th Floor, Great Eagle Centre 
23 Harbour Road 

HONG KONG 

Tel: 5-8330¢22 

Telex: 74766 SCHMG HX 

A.M 


ICELAND 
Hewlett-Packard Iceland 
Hoetdabakka 9 

110 Reykjavik 

Tel: (1) 67 1000 
A,C,CM,E.M,P 


INDIA 


Computer products are sold through 
Blue Star Ltd. All computer repairs and 
maintenance service is done through 


Computer Maintenance Corp. 


Blue Star Ltd. 

Sabri Complex 2nd Floor 
24 Residency Rd. 
BANGALORE 560 025 
Tek 55660, 578881 
Telex: 0845-430 

Cable: BLUESTAR 

A,G* CME 


Blue Star Lid 

Band Box House 
Prabhadevi 

BOMBAY 400 025 

Tel 4933101, 4933222 
Telex: 0711-71051 
Cable: BLUESTAR 
ALM 


Blue Star Ltd 

Sahas 

414/2 Vir Savarkar Marg 
Prabhadevi 

BOMBAY 400 025 

Tel: 422-6155, 422-6556 
Telex: 011-71193 BSSS Ik 
Cable: FROSTBLUE 
A,C*.CM,E.M 


Blue Star Ltd. 

Kalyan, 19 Vishwas Colony 
Alkapuri, BORODA, 390 005 
Tel 65235, 65236 

Cable: BLUE STAR 

A 


Blue Star Lid 

7 Hare Street 
CALCUTTA 700 001 
Tel: 230131, 230132 
Telex: 021-7655 
Cable: BLUESTAR 
A.M 


Biue Star Ltd, 

133 Kodambakkam High Aoad 
MADRAS 600 034 

Tel: 472056, 470238 

Telex: 041-379 

Cable: BLUESTAR 

A.M 


Blue Star Ltd. 

13 Community Genter 
New Friends Colony 
MEW DELHI 110 065 
Tel: 633773, 634473 
Telex: 031-61120 
Cable: BLUEFROST 
4,C*.CM.E.M 


Blue Star Lid 

15/16 C Wellesiey Aa 
PUNE 411011 

Tet 22775 

Gable: BLUE STAR 

A 


Blue Star Ltd. 
2-2-47/1108 Bolarum Fa. 
SECUNDERABAD 500 003 
Tel: 72057, 72058 

Telex: 0155645 

Cable: BLUEFROST 

AE 


Blue Star Lid. 

T.C. 7/603 Poornima 
Maruthunkuzhi 
TRIVANDRUM 695 0713 
Tel: 65799, 65820 
Telex: 0684-259 
Cable: BLUESTAR 

E 


Computer Maintenance Gorporation 
Ltd 

115, Sarojini Devi Road 
SECUNDERABAD 500 003 

Tel: 310-184, 345-774 

Telex: 031-2960 

if 


INDONESIA 

BERGA Indonesia PT 
P.0.Box 496) Jkt. 

Jl. Abdul Muis 62 
JAKARTA 

Tel: 21-373009 

Telex: 46748 BERSAL iA 
Gable: BERSAL JAKARTA 
P 


BERGA Indonesia P.T, 
P.0.Box 2497) Jkt 

Antara Bidg., 12th Floor 

Jl. Medan Merdeka Selatan 1/7 
JAKARTA-PUSAT 

Tel: 21-340417, 341445 
Telex: 46748 BERSAL IA 
ACEM 


BERGA Indonesia P.T 

Jalan Kutal 24 

SURABAYA 

Tel: 67118 

Telex: 31146 BERSAL 56 
Cable: BERSAL-SURABAYA 
A" EMP 


IRAG 

Hewlett-Packard Trading S.A 
Service Operation 

Al Mansoor City 9B/3/7 
BAGHDAD 

Tek 551-49-73 

Telex: 212-455 HEPAIRAG ik 
G 


IRELAND 
Hewlett-Packard Ireland Lid 
82/63 Lower Leeson Street 
DUBLIN 2 

Tel: 0001 608800 

Telex: 30439 
A,C,CM.E.M.P 


Cardiac Services Ltd 
Kilmore Road 
Artane 

DUBLIN 5 

Tel: (01) 351820 
Telex: 30439 

M 





SALES & SUPPORT OFFICES 


Arranged alphabetically by country 


ISRAEL 

Eldan Electrome instrument Lid 
P.O.Box 1270 

JERUSALEM 91000 

16, Ohaliav St. 

JERUSALEM 94467 

Tet 533 221, 553 242 

Telex: 25291 AB/PAKRO IL 
ALM 


Computation and Measurement 
Systems (CMS) Ltd 

11 Masad Street 

67060 

TEL-AVIV 

Tel: 388 388 

Telex: 33569 Moti IL 
C,GM.E,P 


ITALY 

Hewlett-Packard Nalana 5.p.A 
Traversa 990 

Via Giulio Petroni, 19 

70124 BARI 

Tel: (080) 41-07-44 

G.M 


Hewlet!-Packard Italiana 5.p.A 

Via Emilia, 51/6 

1-40011 BOLOGNA Anzola Dell Ernitia 
Tel: (051) 731061 

Telex: 511630 

C.E.M 


Hewlett-Packard Italiana 5.p. A, 
Via Principe Nicola 43G/C 
1-95126 CATANIA 

Tet (095) 37-10-87 

Telex: 970291 

C 


Hewlett-Packard alana 5.p.4 
Via G. Di Vittoria 9 

-20063 CERNUSCO SUL 
NAVIGLIO 

(Milano) 

Tat: (02) 4459041 

Telex: 334632 

4,C,CM,E,M,P 
Hewlett-Packard Italiana 5.p.A 
Via C. Colombo 49 

NAVIGLIO 

(Milano) 

Tel (02) 4459041 

Telex: 322116 

CG 


Hewlett-Packard Italiana $.p.A 
Via Nuova San Rocco a 
Capodimonte, 62/ A 

+-80131 NAPOLI 

Tel: (081) 7413544 

Telex: 710698 

A’ CEM 


Hewlett-Packard Italiana S.p.A 
Viale G. Modugno 33 

i-16156 GENOVA PEGL 

Tel: (010) 68-37-07 

Telex: 215238 

GE 


Hewlett-Packard Italiana §$.p.A 
Via Pelizzo 15 

-35128 PADOVA 

Tel: (049) 664888 

Telex: 430315 

A.C,E.M 


Hewlett-Packard laliana 5.p.A 
Viale C. Pavese 340 

-00144 ROMA EUR 

Tel: (06) 54831 

Telex: 610514 

A,C,E.M,P* 


Hewlett-Packard Naliana 5.p.A 
Via di Casellina 57/'C 

-50018 SCANDICCI-FIRENZE 
Tet: (055) 753863 

C.E.M 


Hewlett-Packard Italiana $.p.A 
Corso Svizzera, 185 

i-10144 TORINO 

Tel: (011) 74 4044 

Telex: 221079 

A*.C.E 


IVORY COAST 
S.LT.EL 

Societe lvoirienne de 
Telecommunications 
Bd. Giscard d'Estaing 
Carrefour Marcory 
Zone 4.4. 

Boite postale 2580 
ABIDJAN () 1 

Tel: 353600 

Telex: 43175 

E 


SALT. 

lmmeute “Le General” 
Av. du General de Gaulle 
01 BP 161 

ABIDJAN 0) 

Tel: 321227 

C,P 


JAPAN 
Yokogawa-Hewiell-Packard Lid. 
152-1, Onna 

ATSUGI, Kanagawa, 243 

Tet (0462) 25-0031 

C.CM,E 


Yokogawa-Hewlett-Packard Ltd. 
Meiji-Seimei Bidg. 6F 

3-1 Hon Chiba-Cho 

CHIBA, 280 

Tet 472 25 7701 

CE 


Yokogawa-Hewlett-Packard Ltd. 
Yasuda-Seimei Hiroshima Bldg. 
6-11, Hon-dori, Naka-ku 
HIROSHIMA, 7:30 

Tel 862-241-0611 


Yoxogawa-Hewlett-Packard Lic. 
Towa Building 

2-3, Kaigan-dori, 2 Chome Chuc-ku 
MOBE, 650 

Tet: (078) 392-4791 

CE 


Yokogawa-Hewlett-Packard Lta. 
Kumagaya Asahi 82 Bidg 

3-4 Tsukuba 

KUMAGAYA, Saitama 360 

Tet (0485) 24-6563 

C,CM,E 
Yokogawa-Hewlett-Packard Lid 
Asahi Shinbun Daiichi Seimei Bidg. 
4-7, Hanabata-cho 
KUMAMOTO, 560 

Tel: (096) 354-7311 

CE 


Yokogawa-Hewlelt-Packard Lid. 
Shin-Kyoto Genter Bidg. 

614, Higashi-Shiokoji-cho 
Karasuma-Nishiiru 

Shiokojl-dorl, Shimogyo-ku 
KYOTO, 600 

Tel: 075-343-0921 

CE 


Yokogawa-Hewlett-Packard Lid 
Mito Mitsui Bidg 

4-73, Sanno-maru, 1 Chome 
MITO, Ibaraki 310 

Tel: (0292) 26-7470 

C.CM.E 


Yokogawa-Hewlett-Packard Lic. 
Meij-Seimei Kokubun Bldg. 7-8 
Kokubun, 1 Chome, Sendai 
MIYAGI, 980 

Tel: (0222) 25-1011 

GE 


Yokogawa-Hewlett-Packard Lid 
Nagoya Kokusai Center Building 
47-1, Nagono, 1 Ghome 
Nakamura-ku 

NAGOYA, 450 

Tel: (052) 571-5171 

C,CMLE,M 


Yokogawa-Hewlett-Packard Lid 
saikyoren Building 

1-2 Dote-machi, OHMIYA 
Saitama 330 

Tel (0486) 45-8031 


Yokogawa-Hewlett-Packard Lid 
Chuo Bidg., 

4-20 Nishinakajima, 5 Chome 
Yodogawa-ku 

OSAKA, 532 

Tel: (06) 304-602 1 

Telex: YHPOSA 523-3624 
A,C,CM.E.M,P" 


Yokogawa-Hewleti-Packard Lid 
27-16, Yabe, 1 Chome 
SAGAMIHARA Kanagawa, 229 
Tel: 0427 59-1311 


Yokogawa-Hewlett-Packard Ltd 
Daiichi Seimei Bldg. 

7-1, Nishi Shinjuku, 2 Chome 
Shinjuku-ku, TOKYO 160 

Tel: 03-348-4611 

G.E 


Yokogawa-Hewlett-Packard Ltd. 
29-21 Takaido-Higashi, 3 Chome 
Suginami-ku TOKYO 168 

Tel; (03) 331-6111 

Telex: 232-2024 YHPTOK 
A,C,CM,E.M,P* 


Yokogawa Hokushin Electric Corp 


9-32 Nokacho 2 Chome 

2 Chome Musashino-shi 
TOKYO, 180 

Tel: (0422) 54-1111 

Telex: 02822-421 YEW MTK J 
A 


Yokogawa-Hewlett-Packard Ltd. 
Meiji-Seimei 

Utsunomiya Odor! Building 

1-5 Odori, 2 Chome 
UTSUNOMIYA, Tochigi 320 

Tel: (0286) 33-1153 

CE 


Yokogawa-Hewlett-Packard Lid 


Yasuda Seimei Yokohama Nishiguch: 


Bidg. 

30-4 Tsuruya-cho, 3 Chome 
YOKOHAMA 221 

Tel: (045) 312-1252 

GE 


JORDAN 

scientific and Medical Supples Go 
P.O. Box 1387 

Tel: 24907, 39907 

Telex: 21456 SABCO JO 

C.E.M.P 


KENYA 

ADCOM Ltd., Inc., Kenya 
P.0.Box 30070 

NAIROBI 

Tel: 3917955 

Telex: 22639 

EM 


KOREA 

Samsung Hewietl-Packara Go. Lid 
Dongbang Yeoeuido Building 
12-16th Floors 

36-1 Yeoeuido-dong 
Yongdeungpo-ku 

SEOUL 

Tel: 784-2666, 784-4666 

Telex: 25166 SAMSAN K 
A,C,CM,E,M.P 


Young In Scientific Co., Lta. 
Youngwha Building 

047 Shinsa Dong, Kangnam-ku 
SEOUL 135 

Tel 5467771 

Telex: K23457 GINSCO 

A 


KUWAIT 

Al-Khaldiya Trading & Contracting 
P.O. Box 830 

SAFAT 

Tet 424910, 411726 

Telex: 22481 AREEG KT 

Cable: VISCOUNT 

EMA 


Gulf Computing Systems 
P.O. Box 25125 

SAFAT 

Tal: 435969 

Telex: 23648 

p 


Photo & Cine Equipment 
P.O. Box 270 

SAFAT 

Tet 2445111 

Telex: 22247 MATIN KT 
Cable: MATIN KUWAIT 

P 


W.J. Towell Computer Services 
P.O. Box 5897 

SAFAT 

Tel 2462640 

Telex: 30336 TOWELL KT 


C 





LEBANON 

Computer Information Systems 5.4... 
Chammas Building 

P.O. Box 11-6274 Dora 

Tal: 89 40 73 

Telex: 42309 

C,E.M,P 


LIBERIA 
Lnichembcals inc 
P.O. Box 4509 
MOWROVIA 

Tal 22478? 
Telex: 4509 

E 


MADAGASCAR 
Technique et Precision 
12, rue de Nice 

P.O. Box 1227 

101 ANTANANARIVO 
Tek 22090 

Telex: 22255 

P 


LUXEMBOURG 
Hewlett-Packard Beignm 5.A /N.V 
Bivd de la Woluwe, 100 
Woluwedal 

B-1200 BRUSSELS 

Tet: (02) 762-32-00 

Telex: 23-494 paloben bru 
A,C,CM,E,M,P 


MALAYSIA 

Hewlett-Packard Sales (Malaysia) 
Sdn, Bhd. 

9th Floor 

Chung Khiaw Bank Building 

46, Jalan Raja Laut 

KUALA LUMPUR 

Tel: 03-986555 

Telex: 31011 HPSM MA 
A,C,E.M,P* 


Protel Engineering 

P.O.Box 1917 

Lot 6624, Section 64 

23/4 Pending Road 
Kuching, SARAWAK 

Tel: 36299 

Telex: 70904 PROMAL MA 
Cable: PROTELENG 
AEM 


MALTA 

Philip Toledo Ltd, 
Birkirkara P.O. Box 11 
Notabile Rd. 

MAIEHEL 

Tel: 447 47, 455 66 
Telex: 1649 

E.M,P 


MAURITIUS 
Blanche Birger Co. Lia 
18, Jules Koenig Street 
POAT LOUIS 

Tel: 20828 

Telex: 4296 

P 


MEXICO 

Hewlett-Packard de Meaico, §.A. 
Francisco J. Allan #30 

Colonia Nueva 

Los Angeles 27140 

COAHUILA, Torreon 

Tel: 37220 

P 


Hewlett-Packard de Mexico, 5.4. 
Monti Morelos 299 

Fraccionamiento Loma Bonita 45060 
GUADALAJARA, Jalisco 

Tel 316630/ 314600 

Telex: 0684 186 ECOME 

P 














* MEXICO (Cont'd) 


Microcomputadoras Hewlett-Packara, 


S.A. 

Monti Pelvoux 115 

LOS LOMAS, Mexico, D.F 
Tel: 520-9127 

P 


Hewlett-Packard Mexicana, 5.4 
de CV. 

Av, Periferico Sur No. 6501 
Tepepan, Xochimilco 

16020 MEXICO DF, 

Tal; 6-76-46-00 

Telex: 17-74-507 HEWPAGK MEX 
A,C.GM.E.M,P 


Hewlett-Packard De Mexico (Polanco) 
Avenida Ejercito Nacional #579 

20a, 36 piso 

Colonia Granada 11560 

MEXICO DF. 

Tel: 254-4433 

F 


Hewlelt-Packard De Memica, 5.4 
de C.V. 

Czda. del Valle 

409 Ote. 4th Piso 

Colonia del Valle 

Municipio de Garza Garcia 
66220 MONTERREY, Nuevo Led 
Tel: 7B 42 41 

Telex: 038 410 

P 





MOROCCO 

Etablissement Huber! Doipeau & Fils 
81 rue Karatchi 

B.P.. 11133 

CASABLANCA 

Tet: 3041-82, 3068-38 

Telex: 23051, 22822 

E 


Gerep 

2, tue Agadir 

Boite Postale 156 
CASABLANCA (1 
Tel. 272093, 272095 
Telex: 23 739 

Bp 


Sema-Maroc 
Deot: Seric 

6, rue Lapebie 
CASABLANCA 
Tat 260980 
Telex: 21641 
C.P 


NETHERLANDS 
Hewlelt-Packard Nederland B,V 
Startbaan 16 

1187 XR AMSTELVEEN 

P.O. Box 667 

NL1160 AR AMBTELVEEN 

Tel: (020) 547-6911 

Telex: 139 216 HEPA NL 
A,C,CM,E.M,P 


Hewlett-Packard Nederland 6. 
Bongerd 2 

NL 2906VK CAPELLE A/D WSSEL 
P.O. Box 41 

NL 2900AA CAPELLE A/D WSSEL 
Tel: (10) 51-64-44 

Telex: 21261 HEPAC NL 

GE 





Hewlell-Packard Nederland BV 
Pastoor Petersstraat 134-136 
NL 5612 LV EINDHOVEN 

P.O. Box 2342 

NL 5600 CH EINDHOVEN 

Tel: (040) 326911 

Telex: 51484 hepae ni 
A.C.E.M,P 


NEW ZEALAND 
Hewlett-Packard (N.Z.} Lid 
5 Owens Road 

P.O. Box 26-189 

Epsom, AUCKLAND 

Tet 687-159 

Cable: HEWPAK Auckland 
C.CM.E.P* 


Hewlett-Packard (N.Z.) Ltd. 

4-12 Cruickshank Street 
Kilbirmie, WELLINGTON 3 

P.O. Box 9443 

Courtenay Place, WELLINGTON 3 
Tel: 877-199 

Cable: HEWPACK Wellington 
C,CM.E,P 


Northrop Instruments & Systems Lid 
369 Khyber Pass Road 

P.O. Box 8602 

AUCKLAND 

Tel: 794-091 

Telex: 60605 

ALM 


Northrop Instruments & Systems Lic 
110 Mandeville St. 

P.O. Box 8388 

CHRISTCHURCH 

Tel: 488-873 

Telex: 4203 

AM 


Northrop instruments & Systems Ltd 
Sturdee House 

85-87 Ghuznee Street 

P.O. Box 2406 

Tel 850-091 

Telex: NZ 3380 

A.M 


NIGERIA 

Eimeco Nigeria Ltd 

46, Calcutta Crescent Apapa 
P.O. Box 24dand 

LAGOS 

E 


NORTHERN IRELAND 
See United Kingdom 


NORWAY 

Hewlett-Packard Norge A/S 
Folke Bernadottes vei 50 

P.O, Box 3558 

N-5033 FYLLINGSDALEN (Bergen) 
Tet: 0047/5/16 55 40 

Telex: 76621 hpnas n 

C.E.M 


Hewlett-Packard Norge A/S 
Osterndalen 16-18 

P.O. Box 34 

N-1345 OSTERAS 

Tel: OO47/2/17 11 80 
Telex: 76621 hpnas n 
A.C,CM.E,M,P 


OMAN 

Khimpl Ramdas 

P.O. Box 19 
MUSCAT/SULTANATE OF OMAN 
Tet 745601 

Telex: 5289 BROKER MB MUSCAT 
P 


Suhail & Saud Bahwan 
POBox 169 
MUSCAT/SULTANATE OF OMAN 
Tet 734201 

Telex: 5274 BAHWAN MB 

c 


imtac LLG 

P.O. Box 8676 
MUTRAH/SULTANATE OF OMAN 
Tel: 601695 

Telex: 5741 Tawoos On 

A.C.M 


PAKISTAN 

Mushko & Company Lid. 
House No. 16, Street No. 16 
Sector F-6/3 

ISLAMABAD 

Tel G24545 

Cable: FEMUS Islamabad 
AEMP* 


Mushko & Company Lid 
Qosman Chambers 

Abdullah Haroon Road 
KARACHI 0302 

Tet: 524131, 524132 

Telex: 2894 MUSKO PK 
Cable: COOPERATOR Karacrw 
A.E.M,P* 


PANAMA 

Flectronico Balboa, §.A. 
Calle Samuel Lewis, Ed. Alfa 
Apartado 4929 

PANAMA 5 

Tek 64-2700 

Telex: 3463 ELECTRON PG 
A.CM.E.M.P 


PERU 

Cla Electro Médica 5. A. 

Los Flamencos 145, Ofc. 30 1/2 

San Isidro 

Casilla 1030 

LIMA | 

Tet 41-4325, 41-3705 

Telex: Pub. Booth 25306 PEC PISIDR 
CM.E,M.P 


SAMS. 

Arenida Republica de Panama 3534 
San isidro, LIMA 

Tet 419928/417108 

Telex: 20450 PE LIBERTAD 

A,C.P 


PHILIPPINES 

The Online Advanced Systems Corp 
2nd Floor, Electra House 

115-117 Esteban Street 

Legaspi Village, Makati 

P.O. Box 1510 

Metro MANILA 

Tel 6815-38-10 (up to 16) 

Telex: 63274 ONLINE PN 
A,C,E,M,P 


PORTUGAL 

Mundinter Intercambic 

Mundial de Comércio $.A.R.L 
Av. Antonio Augusto Aguiar 138 
Apartado 2761 

LISBON 

Tel: (19) 83-21-31, 53-21-37 
Telex: 16691 munter p 

M 


Soquimica 

Av. da Liberdade, 220+? 
1298 LISBOA Codex 

Tel 56-21-82 

Telex: 13316 SABASA 
A 


Telectra-Empresa Técnica de 
Equipmentos Eléctricos $.A.R.t 
Rua Rodrigo da Fonseca 103 
P.O. Box 2531 

LISBON 1 

Tel: (19) 68-60-72 

Telex: 12598 

CME 


C.P.C.5.1. 

Rua de Costa Cabrai 575 
4200 PORTO 

Tel: 499174/495173 
Telex: 26054 

CP 


PUERTO RICO 
Hewlett-Packard Puerto Rice 
101 Munoz Rivera Ay 

Esu. Calle Ochoa 

HATO REY, Puerto Rico 00916 
Tal (809) 754-7800 
A,C,CM,M.E,P 


QATAR 

Computer Arabia 
P.O. Box 2750 
DOHA 

Tel: 428555 

Telex: 4806 CHPARE 
p 


Nasser Trading & Contracting 
P.O.Box 1563 

DOHA 

Tet: 422170 

Telex: 4439 NASSER DH 

hi 


SAUDI ARABIA 

Modern Electronics Establishment 
Hewlett-Packard Division 

P.O. Box 281 

Thougbah 

AL-KHOBAR 31952 

Tel: 895-1760, 895-1764 

Telex: 671 106 HPMEEK Su 
Cable: ELECTA AL-KHOBAR 
C.E.M 


Modern Electronics Establishment 
Hewlett-Packard Division 

P.O. Box 1228 

JEDDAH 

Tel: 644 96 28 

Telex: 4027 12 FARNAS SJ 
Cable: ELECTA JEDDAH 
A,C,CM,E.M,P 


Modern Electronics Establishment 
Hewlett-Packard Division 
P.0.Box 22015 

RIYADH 11495 

Tel: 476-3030 

Telex: 202045 MEERYD SJ 
A,C,CM,E.M,P 


a 


Abdul Gahan EF Ajou Gop 
P.O. Box 78 

RIYADH 

Tet 40 41 717 

Telex: 200 931 EL AJOL 
p 


SCOTLAND 
See United Kingdom 


SENEGAL 

Societe Hussein Ayad A Cie 
76, Avenue Georges Pompidou 
B.P. 305 

DAKAR 

Tet 32339 

Cable: AYAD-Dakar 

E 


Moneger Distribution 5.4 
1, Rue Parent 

B.P. 148 

DAKAR 

Tel: 215 671 

Telex: 587 

P 


Systeme Service Consent (SSC; 
14, Avenue du Parachois 
DAKAR ETOILE 

Tel: 219976 

Telex: 577 

C.P 


SINGAPORE 
Hewlett-Packard Singapore (Sales; 
Pte. Ltd. 

08-00 Inchcape House 

450-2 Alexandra Road 
Alexandra P.O. Box 58 
SINGAPORE, 9115 

Tel: 4731788 

Telex: 34209 HPSGSO RS 
Cable: HEWPACK, Singapore 
A.C.E.M,P 


Dynamar International Ltd. 
Unit 05-11 Block 6 

Kolam Ayer Industrial Estate 
SINGAPORE 13:34 

Tel 747-6188 

Telex: 26283 AS 

CM 


SOUTH AFRICA 
Hewlett-Packard So Atnca (Pty.) Uta. 
P.O. Box 120 

Howard Place CAPE PROVINCE 7450 
Pine Park Center, Forest Drive, Pine- 
lands 

CAPE PROVINCE 7405 

Tel: (021) 53 7954 

Telex: 57-20006 

A,C.CM,E.M,P 


Hewlett-Packard So Atrica (Pty.j Ltd. 
2nd Floor Juniper House 

92 Overport Drive 

DURBAN 4067 

Tek (031) 28-4178 

Telex: 6-22954 


Hewlett-Packard So Atrica (Pty.) Lia 
6 Linton Arcade 

511 Cape Road 

Linton Grange 

PORT ELIZABETH 6001 

Tel: 041-301201 

Telex: 24-2916 

C 


1 


SOUTH AFRICA (Cont'd) 
Hewlett-Packard So Africa (Pty.) Ltd. 
Fountain Genter 

Kalkgen Str. 

Monument Park Ext 2 

PRETORIA 0105 

Tel: (012) 45 57258 

Telex: 32 1063 

C.E 


Hewlett-Packard So Atrica (Pty.) Lid 
Private Bag Wendywood 

SANDTON 2144 

Tel: 802-5111, 802-5125 

Telex: 4-20877 SA 

Cable: HEWPACK Johannesburg 
A.C.CM.E.M,P 


SPAIN 

Hewlett-Packard Espafoia §.A. 
Calle Entenza, 321 

08029 BARCELONA 

Tel: 3/322 24 51, 321 73 54 
Telex, 52603 hpbee 
A.C.E.M,P 


Hewlett-Packard Espafiola §.4 
Calle San Vicente S/N 

Edificio Albia |l-?6 

48001 BILBAO 

Tel 4/423 83 06 

A,C.E.M 


Hewlett-Packard Espafiola 5.4 
Crta. de la Corufia, Km, 16, 400 
Las Rozas 

E-MADRID 

Tet (1) 67.00.11 

Telex: 23515 HPE 

C.M 


Hewlett-Packard Espafioia 5.A. 
Avda. 5. Francisco Jawer, S/N 
Planta 10. Edificio Sevilla 2 
41005 SEVILLA 

Tet 54/64 44 54 

Telex: 72933 

A,C.M,P 


Hewlett-Packard Espafiola $4 
isabel La Catolica, 6 

46004 VALENCIA 

Tel: 0034/6/351 59 44 

GP 


SWEDEN 
Hewlett-Packard Svenge AB 
Ostra Tullgatan 3 

S-21128 MALMO 

Tel: (040) 70270 

Telex: (854) 17886 (via Spanga 
office) 

C.P 

Hewlett-Packard Sverige AB 
Skalholtsgatan 9, Kista 

Box 19 

5-16393 SPANGA 

Tel: (08) 750-2000 

Telex: (854) 17886 

Teletax: (08) 7527781 
A,C.CM.EM.P 


Hewlet!-Packard Svenge AB 
Frotalisgatan 30 


5-42192 VASTRA-FROLUNDA (Gothen- 


burg) 

Tel: (031) 49-09-50 

Telex: (854) 17886 (via Spanga 
office) 

A,C.CM,E,M,P 


SUDAN 

Mediterranean Engineering & Trading 
Co. Ltd. 

P.O. Box 1025 

KHARTOUM 

Tel: 47184 

Telex; 24052 

C.P 


SWITZERLAND 
Hewlett-Packard (Schweiz) AG 
Clarastrasse 12 

CH-4058 BASEL 

Tel: (61) 33-59-20 

A 


Hewlett-Packard (Schweiz) AG 
7, tue du Bois-du-Lan 

Case postale 365 

CH-1217 MEYRIN 1 

Tet: (0041) 22-83-11-11 
Telex:2 7333 HPAG CH 

C,CM 


Hewlett-Packard (Schweiz) AG 
Alimend 2 

CH-8967 WIDEN 

Tel: (0041) 57 31 27 11 
Telex: 53933 hpag ch 

Cable: HPAG CH 
A.C,CM.E.M,P 


SYRIA 

General Electrome inc 

Nuri Basha Ahnat Ebn Kays Street 
P.O, Box 5781 

DAMASCUS 

Tel: 33-24-87 

Telex: 471 215 

Cable ELECTROBOR DAMASCUS 
E 


Middle East Electronics 
P.O.Box 2308 

Abu Rumaneh 
DAMASCUS 

Tel 33 45 92 

Telex: 411 771 

M 


TAIWAN 

Hewlett-Packard Tanwar 
Kaohsiung Office 

11/F, 456, Chung Hsiao ist Road 
KAOHSIUNG 

Tek (07) 2412318 

CE 


Hewlett-Packard Taiwan 

th Floor, Hewlett-Packard Building 
337 Fu Hsing North Road 

TAIPE! 

Tet (02) 712-0404 

Telex: 24439 HEWPACK 

Cable: HEWPACK Taipei 
A.C.CM.E.M,P 


Ing Lih Trading Go. 

3rd Floor, 7 Jen-Ai Road, Sec. 2 
TAIPE! 100 

Tet: (02) 3948191 

Gable: INGLIH Taipei 

A 


THAILAND 

Unimesa Co. Lid. 

30 Patpong Ave., Surwong 
BANGKOK 5 

Tel: 235-5727 

Telex: 84439 Simonco TH 
Cable: UNIMESA Bangkok 
A,C,E.M 


SALES & SUPPORT OFFICES 


Arranged aiphabetically by country 


Bangkok Business Equipment Lic 
5/5-6 Dejo Road 

BANGKOK 

Tet: 234-8670, 234-8671 

Telex: 87699-BEQUIPT TH 
Cable: BUSIQUIPT Bangkok 

Pp 


TOGO 

Societe Atricaine De Promotion 
Immeuble Sagap 

22, Rue d' Atakpame 

BP. 4150 

LOME 

Tet 21-62-86 

Telex: 5304 

Pp 


TRINIDAD & TOBAGO 
Ganbbean Telecoms Ltd. 

Comer McAllister Street & 
Eastern Main Road, Laventille 
P.O. Box 732 

PORT-OF-SPAIN 

Tal 624-4213 

Telex: 22561 CARTEL WG 
Cable: CARTEL, PORT OF SPAIN 
CM.E,M,P 


Computer and Controls Ltd. 
P.O. Box 51 

66 Independence Square 
PORT-OF-SPAIN 

Tet: 62-279-85 

Telex: 3000 POSTLX WG, ACCT 
LOOSO AGENCY 1264 

AP 


Feral Assoc 

6 Fitzgerald Lane 
PORT-OF-SPAIN 

Tel 62-36864, 62-39255 
Telex: 22432 FERALCO 
Cable FERALCO 

M 


TUNISIA 

Precision Electronique 5.A.ALL 
31 Avenue de la Liberte 
TUNIS 

Tal: 893937 

Telex: 19238 

p 


Tunime Electronique §.A_ALL 
94, Av. Jugurtha, Mutuelleville 
1002 TUNIS-BELVEDERE 

Tel: 280144 

Telex: 13238 

C,E,P 


Corema §.A 

2d, bis Rue de Marseille 
TUNIS 

Tel 253-821 

Telex: 14812 CABAM TN 
M 


TURKEY 

EMA 

Mediha Eldem Sokak No, 41/6 
Yersehir 

Tat 319175 

Telex: 46912 KTX TR 

Cable: EMATRADE ANKARA 
ha 


Tekrum Company Lid 
ran Gaddesi No. 7 
Kavaklidere 

ANKARA 

Tel: 275800 

Telex: 42155 TKNM TR 
E,GM 


Saniva Biigrsayar Sistemien AS 
Buyukdere Caddesi 1039/6 
Gayrettene 

ISTANBUL 

Tel: 1727030 

Telex; 26345 SANI TR 

C,P 


Best Inc. 

Esentepe, Gazeteciler Sites: 
Keskin Kalemy 

SOkak 6/3, Gayrettepe 
ISTANBUL 

Tel 1721328 

Telex: 42490 

A 


UNITED ARAB 
EMIRATES 

Emitac Ltd, 

P.O. Box 1641 

SHARJAH 

Teal: 597181 

Telex: 68136 EMITAG EM 
Cable: EMITAC SHARJAH 
E.C.M,P.A 


Emitac Ltd. 

P.O. Box 2711 

Tel: 8204 19-20 

Cable: EMITACH ABUDHABI 


Emitac Ltd. 
P.O. Box 8391 


DUBAI, 
Tet 377591 


Emitac Ltd. 

P.O. Box 473 
RAS AL KHAIMAH 
Tet 28133, 21270 


UNITED KINGDOM 


GREAT BRITAIN 
Hewlett-Packard Ltd. 
Trafalgar House 
Navigation Road 
ALTRINCHAM 
Cheshire WA14 INU 
Tet 061 928 6422 
Telex: 668068 
A,C,E.M,P 


Hewlett-Packard Lic. 
Miller House 

The Ring, BRACKNELL 
Berks AG12 1XN 

Tel: 0344 424898 
Telex: 848733 

E 


Hewleti-Packard Lid 

Elstree House, Elstree Way 
BOREHAMWOOD, Herts WDE 1SG 
Tel: 01 207 5000 

Telex: 8952716 

C.E 


Hewlett-Packard Lid 

Oakfield House, Oakfield Grove 
Clifton BRISTOL, Avon BS8 2BN 
Tel: O272 736806 

Telex: 444902 

C,E,P 





Hewlell-Packard Lid 
Bridewell House 

9 Bridewell Place 
LONDON EC4V 6BS 
Tel: 071 583 6565 
Telex: 298163 

CP 


Hewlett-Packard Ltd 

Pontefract Road 

MORMANTON, West Yorkstwe WFE IRN 
Tel: 0924 895566 

Telex: 557355 

G.P 


Hewlett-Packard Lid 

The Quadrangle 

106-118 Station Road 
REDHILL, Surrey RH1 1PS 
Tet 0737 68655 

Telex: 947234 

C.E,P 


Hewlett-Packard Ltd. 

Avon House 

435 Stratford Road 

Shirley, SOLIHULL, West Midlands 
B90 4BL 

Tel 021 745 8800 

Telex: 3399105 

C,E,P 


Hewlett-Packard Ltd. 
West End House 

41 High Street, West End 
Hampshire S03 300 

Tel: 0703 476767 

Telex: 477138 

CP 


Hewlett-Packard Lid. 

Harmon House 

No. 1 George Street 
UXBRIDGE, Middlesex UXS iv 
Tel: 895 720 20 

Telex: 893134/5 

C,CM,E,M.P 


Hewlett-Packard Ltd. 
King Street Lane 
Winnersh, WOKINGHAM 
Berkshire AG11 SAR 
Tek 0734 7B47 74 
Telex: 847178 
A,C.E,M,P 


IRELAND 


NORTHERN IRELAND 
Hewiett-Packard (Ireland) Lt. 
Carrickfergus Industrial Centre 
75 Belfast Road, Carrickfergus 
BELFAST 8138 BPH 

Tal: 09603 67333 

Telex: 747626 

CE 


SCOTLAND 
Hewlett-Packard Lid. 
8 Woodside Place 
GLASGOW, G3 7OF 
Tal: 041 332 6232 
Telex: 779815 

C.E 


Hewlett-Packard Ltd 
SOUTH QUEENSFERRY 
West Lothian, EH30 9TG 
Tel: 031 331 1188 
Telex: 7268? 
C,CM,E,M.P 











UNITED STATES 


Alabama 

Hewlelt-Packard Co 

700 Century Park South, Sule 128 
BIRMINGHAM, AL 35226 

Tel: (205) 822-6802 

A.C,M.P* 


Hewlett-Packard Co. 
420 Wynn Drive 
HUNTSVILLE, AL 35805 
Tel: (205) 830-2000 
G.GM,E,M"* 


Alaska 
Hewlett-Packard Go 
3601 C St., Suite 1416 
ANCHORAGE, Ak 99503 
Tel: (907) 563-8855 
t,.E 


Arizona 

Hewlett-Packard Go 

BOBO Pointe Parkway Wesi 
PHOEMIX, A? 85044 

Tet: (602) 273-8000 
A.C.CM.E.M,P 


Hewlett-Packard Co. 
3400 East Britannia Dr 
Bidg. C, Suite 124 
TUCSON, AZ 85706 
Tet (602) 573-7400 
C.E.M** 


California 
Hewlett-Packard Co. 
99 South Hill Dr. 
BRISBANE, CA 94005 
Tet: (415) 330-2500 
C 


Hewlett-Packard Co 

5060 E. Clinton Avenue, Suite 102 
FRESNO, CA 93727 

Tel: (209) 252-9652 

C.M 


Hewlett-Packard Co 
1421 S. Manhattan Av 
FULLERTON, CA 92631 
Tet: (714) 999-6700 
C.CM.E.M 


Hewlett-Packard Co. 
7408 Hollister Ave. #4 
GOLETA, CA 93117 
Tel; (205) 685-6100 
GE 


Hewlett-Packard Co 
5400 W. Rosecrans Biva. 
LAWNDALE, CA 90260 
Tel (213) 643-7500 
Telex: 910-325-6608 
(,M 


Hewlell-Packard Go 
2525 Grand Avenue 
Long Beach, CA 90815 
Tel: (213) 498-1111 

C 


Hewlett-Packard Co. 
3155 Porter Drive 
PALO ALTO, CA 94304 
Tel: (415) 857-8000 
GE 


Hewlett-Packard Go 

4244 So. Markel Coun, Suite A 
SACRAMENTO, CA 95834 

Tel (916) 929-7222 

A*.C.E.M 


Hewlell-Packard Go 
9606 Aero Drive 

SAN DIEGO, CA 92123 
Tel: (619) 279-3200 
C.CM.E.M 


Hewlett-Packard Co. 
5725 W, Las Positas Bive 
Pleasanton, CA 94566 
Tel: (415) 460-0262 

. 


Hewlett-Packard Co. 
3003 Scott Boulevard 
SANTA CLARA, CA 95054 
Tet (408) 988-7000 
Talex: 910-338-0586 
A.C,CME 


Hewlett-Packard Go. 

2150 W. Hillcrest Dr. 
THOUSAND OAKS, CA 91320 
(B05) 373-7000 

C.CM,E 


Colorado 

Hewlett-Packard Go. 

2945 Center Green Court South 
Suite A 

BOULDER, CO 80301 

Tel: (303) 938-3005 

AGE 


Hewlett-Packard Go 

24 Inverness Place, East 
ENGLEWOOD, CO 80112 
Tel: (303) 649-5000 
AC.CM.E.M 


Connecticut 
Hewlett-Packard Go. 
500 Sylvan Av 
BRIDGEPORT, CT 06606 
Tet (203) 371-6454 
GE 


Hewlett-Packard Go 

47 Barnes Industrial Road South 
WALLINGFORD, CT 05492 

Tet (203) 265-7801 
A.C.CM.EM 


Hewlett-Packard Go. 

2901 N.W. 62nd Street 

FORT LAUDERDALE, FL 33309 
Tel: (305) 973-2600 

C,E.M,P" 


Hewlett-Packard Co. 

6800 South Point Parkway 
Suite 301 

JACKSONVILLE, FL 32216 
Tet: (904) 396-0663 
c*.M*" 


Hewlett-Packard Co. 
5177 Lake Elienor Drive 
ORLANDO, FL 32809 
Tet: (305) 859-2900 
A,C,CM,E,P" 


Hewlett-Packard Co. 
4700 Bayou Bivd. 
Building 5 
PENSACOLA, FL 32503 
Tel: (904) 476-8422 
A.C.M 


Hewlett-Packard Co. 
5550 W. Idlewild, 150 
TAMPA, FL 33614 

Tek: (B13) 884-3282 
C.E.M,P 


Georgia 
Hewlett-Packard Uo 
2000 South Park Place 
ATLANTA, GA 30339 
Tel: (404) 955-1500 
Telex: 610-766-4890 
A,C,CM,E.MP" 


Hewlett-Packard Co. 
3607 Parkway Lane 
Suite 300 

NORCROSS, GA 30092 
Tet: (404) 448-1894 
C.E.P 


Hawaii 

Hewlett-Packard Co. 
Kawaiahao Plaza, Sute 190 
567 South King Street 
HONOLULU, Hi 96813 

Tet: (808) 526-1555 
A.C,EM 


Idaho 
Hewlett-Packard Go 
11309 Chinden Bivd. 
BOISE, ID 83707 

Tet: (208) 323-2700 
G 


illinois 
Hewlett-Packard Gc. 
304 Eldorado Road 

P.O. Bax 1607 
BLOOMINGTON, IL 61701 
Tel (309) 662-9411 
C.M"" 


Hewlett-Packard Co. 
525 W. Monroe, 1308 
CHICAGO, IL 60606 
Tek (312) 930-0010 
c 


Hewlett-Packard Co 
1200 East Diehl Road 
NAPERVILLE, || 60566 
Tel: (312) 357-8800 
C 


Hewlett-Packard Go 

5201 Tollview Drive 

ROLLING MEADOWS, IL 50008 
Tel: (912) 255-9800 

Telex: 910-687-1066 
A,C.CM.E.M 


indiana 
Hewlett-Packard Co. 
11911 N. Meridian St. 
CARMEL, IN 46032 
Tet: (317) 844-4100 
A.C.CM.E.M 


Hewlett-Packard Co 
3702 Rupp Drive 

FT. WAYNE, IN 468715 
Tel: (219) 482-4283 
GE 


lowa 

Hewlett-Packard Co. 
4070 22nd Av. SW 
CEDAR RAPIDS, |A 52404 
Tel: (319) 390-4250 
C.E.M 


Hewlett-Packard Co. 

4201 Corporate Dr 

WEST DES MOINES, |4 50265 
Tel: (515) 224-1435 

A** C.M** 


Kansas 

Hewlett-Packard Co 

"804 East Funston Road, 203 
WICHITA, KS 67207 

Tel: (316) 684-8491 

GE 


Kentucky 

Hewlett-Packard Co 

10300 Linn Station Road, 100 
LOUISVILLE, KY 40223 

Tel: (502) 426-0100 

A.C. M 


Louisiana 
Hewlett-Packard Go 
160 James Drive East 
ST. AOSE, LA 70087 
P.O. Box 1449 
KENNER, LA 70062 
Tel (504) 467-4100 
A.C.E.M.P 


Maryland 
Hewlett-Packard Co 
3701 Koppers Street 
BALTIMORE, MD 21227 
Tet: (301) 644-5800 
Telex: 710-862-1943 
A,C,CM.E,M 


Hewlett-Packard Co. 

é Choke Cherry Road 
ROCKVILLE, MD 20850 
Tel: (301) 948-6370 
A,C,CM,E,M 


Massachusetts 
Hewlett-Packard Co 
1775 Minuteman Roac 
ANDOVER, MA 01810 
Tel: (617) 682-1500 
A,C.CM,E.M,P* 


Hewlett-Packard Co. 
32 Hartwell Avenue 
LEXINGTON, MA 02173 
Tel: (617) 661-8960 
Ge 


Michigan 
Hewlett-Packard Co 
4326 Cascade Road 5.£ 
GRAND RAPIDS, | 49506 
Tet: (616) 957-1970 

CM 


Hewlett-Packard Go. 

39550 Orchard Hill Place Drive 
NOVI, Mi 48020 

Tek: (313) 349-9200 

A.C,E.M 


Hewlett-Packard Co. 

1771 W. Big Beaver Road 
TROY, Mi 48084 

Tel: (313) 643-6474 

Cc 


Minnesota 
Hewlett-Packard Go 
2025 W. Larpenteur Ave 
ST. PAUL, MN 55113 

Tel: (612) 644-1100 
A.C,CM,E,|M 


Missouri 

Hewlett-Packard Co. 

1001 E. 101st Terrace Suite 120 
KANSAS CITY, MO 64131-3368 
Tel: (816) 941-0411 

A,C,CM.E.M 


Mewlell-Packard Uc 
13001 Hollenberg Drive 
BRIDGETON, MO 63044 
Tet: (314) 344-5100 
AC.EM 


Nebraska 
Hewlett-Packard 

10624 Old Mill Aid, Surte 3 
OMAHA, NE 68154 

Tet: (402) 334-1813 

C,E.M 


New Jersey 
Hewlett-Packard Co 
120 W. Century Road 
PARAMUS, NJ 07653 
Tel: (201) 265-5000 
A,C.CM,E.M 


Hewlett-Packard Co 

20 New England Av. Wes! 
PISCATAWAY, NJ 08854 
Tet: (201) 562-6100 
A,C,CM,E 


New Mexico 
Hewlett-Packard Co 

7801 Jetlerson NE 
ALBUQUERQUE, NM 87 i085 
Tel: (505) 292-1330 
CEM 


New York 
Hewlett-Packard Co 

5 Gomputer Drive South 
ALBANY, NY¥ 12205 

Tet: (518) 458-1550 
A,.C.E.M 


Hewlett-Packard Co. 
9600 Main Street 
CLARENCE, NY 14031 
Tel: (716) 759-8621 
GE 


Hewlett-Packard Co 

200 Cross Keys Otfice Park 
FAIRPORT, NY 14450 

Tel (716) 223-9950 
A,C,CM,E.M 


Hewlett-Packard Co 
'641 Henry Clay Blvd. 
LIVERPOOL, NY 13088 
Tel: (315) 451-1820 
A,C.CM,E.M 


Hewlett-Packard Co. 

No. 1 Pennsylvania Plaza 
55th Floor 

3déth Street & 8th Avenue 
MANHATTAN NY 10779 
Tek (212) 9771-0800 

C.M* 


Hewlett-Packard Co. 

15 Myers Corner Ad. 
Holowbrook Park, Suite 20 
WAPPINGER FALLS, NY 12590 
CME 


Hewlett-Packard Co. 
250 Westchester Avenue 
WHITE PLAINS, NY 10604 
Tel: (9 14} 684-6100 
C,CM.E 


Hewlett-Packard Co, 

3 Crossways Park West 
WOODBURY, NY 11797 
Tel: (516) 682-7800 
A.G,CM.E.M 
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SALES & SUPPORT OFFICES 


Arranged alphabetically by country 


UNITED STATES (Cont'd) 


North Carolina 
Hewlett-Packard Co. 
305 Gregson Dr, 
CARY, NC 27511 
Tel: (919) 467-6600 
.GM.E,.M,P* 


Hewlett-Packard Co. 
9600-H Southern Pine Bic 
CHARLOTTE, NG 28210 
Tel (704) §27-8780 

foe 


Hewlett-Packard Co. 
5605 Roanne Way 
GREENSBORO, NO 27420 
Tel: (919) 852-1800 
A,C.CM,E.M.P* 


Ohio 

Hewlett-Packard Co. 
2717S, Arlington Roac 
AKRON, OH 44312 

Tel: (216) 644-2270 
GE 


Hewlett-Packard Co 
23200 Chagrin Bivd #100 
BEACHWOOD, OH 44127 
Tel (216) 292-4677 

C.P 


Hewlett-Packard Co 
9920 Carver Road 
CINCINNATI, OH 45242 
Tet: (513) 891-9870 
C.M 


Hewlett-Packard Co 
16500 Sprague Road 
CLEVELAND, OH 44130 
Tel: (216) 243-7300 
A,C,CM,E,M 


Hewlett-Packard Co 
9080 Springboro Pike 
MIAMISBURG, OH 45342 
Tel: (513) 433-2223 
A,C.CM.E*|M 


Hewlett-Packard Co. 

One Maritime Plaza, Str Fioor 
720 Water Street 

TOLEDO, OH 43604 

Tek (419) 242-2200 

C 


Hewlett-Packard Co 

675 Brooksedge Blvd 
WESTERVILLE, OH 43081 
Tel (614) 891-3344 
C.CM,E" 


Oklahoma 
Hewlett-Packard Go 

3525 N.W. 56th St. 

Suite C-100 

OKLAHOMA CITY, OK 73112 
Tet (405) 946-9499 

c.E*,M 


Hewlett-Packard Co 

3640 5. 103rd E. Ave. 100 
TULSA, OK 74146 

Tel: (918) 665-3300 
A°*.C.E.M"P* 
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Oregon 
Hewlett-Packard Co 
9255 S. W. Pioneer Gourt 
WILSONVILLE, OR 97070 
Tel: (503) 682-8000 
A,C.E*,M 


Pennsylvania 
Hewlett-Packard Co 

50) Dorchester Ad 
HARRISBURG, PA 17112 
Tet: (717) 657-5900 

C 


Hewlett-Packard Co. 
111 Zeta Drive 
PITTSBURGH, PA 15238 
Tel: (412) 782-0400 
A,C.E,M 


Hewlett-Packard Go 

2750 Monroe Boulevard 
VALLEY FORGE, PA 194582 
Tel: (275) 666-9000 
A.C.CM.E.M 


South Carolina 
Hewlett-Packard Co. 
Brookside Park, Suite 122 
1 Harbison Way 
COLUMBIA, SC 29210 

Tel: (803) 732-0400 

C.M 


Hewlett-Packard Co. 
999 N. Pleasantbung Dr 
Suite 107 
GREENVILLE, SC 29607 
Tel: (803) 232-8002 

G 


Tennessee 
Hewleti-Packard Co 
One Energy Gentr. 200 
Pellissippi Pkwy, 
KWOXVILLE, TN 37932 
Tel: (615) 966-4747 
A,C.M 


Hewlett-Packard Co. 
3070 Directors Row 
Directors Square 
MEMPHIS, TN 38137 
Tel (901) 346-8370 
A.C.M 


Hewlett-Packard Co. 

220 Great Circle Road, Sumte 116 
NASHVILLE, TN 37228 

Tel (615) 255-1271 

C.M,P* 


Texas 
Hewlett-Packard Co 
1826-P Kramer Lane 
AUSTIN, TX 78758 
Tet (512) 835-6771 
C.E.P* 


Hewlett-Packard Co 
5700 Gromo Dr 

EL PASO, TX 79912 
Tet (915) 833-4400 
C,E",M** 


Hewlett-Packard Co 
3952 Sandshell Drive 
FORT WORTH, TX 76137 
Tel (817) 232-9500 

C 


Hewlett-Packard Ca. 
10535 Harwin Drive 
HOUSTON, TX 77036 
Tet: (713) 776-6400 
A,C.E.M.P* 


Hewlett-Packard Co 

511 E. John W. Carpenter Fwy 
Royal Tech. Center 100 
IRVING, TX 75062 

Tek (214) 556-1950 

CE 


Hewlett-Packard Co. 

109 E. Toronto, Suite 100 
McALLEN, TX 78503 

Tel: (512) 630-3030 

+ 


Hewleti-Packard Co 
930 E. Campbell Ad. 
RICHARDSON, TX 75081 
Tel: (214) 231-6101 
A,C,CM,E,M,P* 


Hewlett-Packard Co. 

1020 Central Parkway South 
SAN ANTONIO, TX 78276 
Tel: (512) 494-9336 
A.C.E.M,P* 


Utah 

Hewlett-Packard Go. 

3530 W, 2100 South 

SALT LAKE CITY, UT 84119 
Tet (801) 974-1700 
A,C,EM 


Virginia 
Hewlett-Packard Co 
4305 Cox Road 

GLEN ALLEN, VA 23080 
Tel: (804) 747-7750 
A,C,E.M,P* 


Hewlett-Packard Co. 
Tanglewood West Bigg. 
Suite 240 

3959 Electric Road 
ROANOKE, VA 24018 
Tel: (703) 774-3444 
CEP 


Washington 
Hewlett-Packard Go. 
15615 5.E. 37th Street 
BELLEVUE, WA 98006 
Tel: (206) 643-4000 
A,C,CM.E,M 


Hewlett-Packard Co. 

108 North Argonne Road 
SPOKANE, WA 99212-2793 
Tel: (509) 922-7000 

C 


West Virginia 
Hewlett-Packard Co 

501 56th 

CHARLESTON, WV 25304 
Tek (304) 925-0492 
A,G.M 


Wisconsin 
Hewlett-Packard Co 
275 N. Corporate Dr 
BROOKFIELD, W! 53005 
Tel: (414) 784-8800 
A.C.E*.M 


URUGUAY 

Pablo Ferrando §.A.C ei 
Avenida ltalia 2877 
Casilla de Correo 370 
MONTEVIDEO 

Tel: 80-2586 

Telex: 802586 

A,CM.E.M 


Olympia de Uruguay S.A. 
Maquines de Oficina 
Avda. del Libertador 1997 
Casilla de Correos 6644 
MONTEVIDEO 

Tel 91-1809, 98-3807 
Telex: 6342 OROU UY 

P 


VENEZUELA 

Hewlett-Packard de Venezuela GA. 
3A Transversal Los Ruices Norte 
Edificio Segre 2? & 3 

Apartado 50933 

CARACAS 1071 

Tek 299-4133 

Telex: 251046 HEWPACK 
A,.C,CM,E,M,P 


Hewleti-Packard de Venezuela, C.A 
Centro Civdad Comercial Tamanace 
Nivel C-2 (Nueva Etapa) 

Local S3H05 

Chuao, CARACAS 

Tel: 928291 

Pp 


Albis Venezolana $.A.L 
Av. Las Marias, Ota. Alix. 
El Pedregal 

Apartado 81025 
CARACAS (080A 

Tet 747984, 742146 
Telex: 24009 ALBIS VC 
A 


Tecnologica Medica de! Caribe, 0.A 
Multicentro Empresarial del Este 
Ave. Libertador 

Edit. Libertador 

Nucleo “C" - Oficina 51-52 
CARACAS 

Tel: 339867 / 333780 

M 


Hewilell-Packard de Verecueia CA 
Residencias Tia Betty Local 1 
Avenida 3 y con calfe 75 
MARACAIBO, Estado Zulia 
Apartado 2646 

Tel: (061) 7580 1-75805-75806- 
80304 

Telex: 62464 HPMAR 

CE" 


Hewleti-Packard de Venezuela C.A 
Urb. Lomas de Este 

Torre Trebol — Piso 14 
VALENCIA, Estado Caraboba 
Apartado 3347 

Tel (041) 222992/ 223024 

C,P 


YUGOSLAVIA 
Do Hermes 

General 7danova 4 
YU-11000 BEOGRAD 
Tet 340 927, 342 641 
Telex: 11433 

A,C,E,P 


Hennes. 

Titova 50 

YU-6 1000 LJUBLJANA 
Tel: 324 656, 324 858 
Telex: 31583 

C.E.M,P 


Elektrotehna 

Titova 51 

YU-6 1000 LJUBLJANA 
CM 


ZAIRE 

Computer & Industrial Engineenng 
25, Avenue de la Justice 

B.P. 12797 

KINSHASA, Gombe 

Tel: 32063 

Telex: 21552 

CP 


ZAMBIA 

FL. Tilbury (Zamtua) Lio. 
P.O. Box 32792 
LUSAKA 

Tel: 215590 

Telex: 40128 

E 


ZIMBABWE 

Field Technical Sates {Private} Limited 
45, Kelvin Road North 

P.O. Box 3458 

HARARE 

Tet 705 231 

Telex: 4-122 RH 

E.P 











